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ABSTRACT 
This dissertation focuses on the development, application, and extension of international 
production networks, mainly in East Asian countries. Using the most disaggregated product 
level data, this dissertation examines differences in product characteristics and attributes 
between parts and components and final products in machinery industries that play a central 
role in production networks. In addition to investigating of the resilience of international 
production networks, this dissertation further integrates trade data and tariff rates data to 
examine the impact of tariff rates in international production networks from various angles. 
        Chapter I is titled “Outline of the dissertation” and provides a concise summary of the 
content of each subsequent chapter. In this chapter, the brief background of international 
production networks and the over-time development of the machinery trade in East Asia have 
been provided. Chapter II, titled “Literature Review and Data Description,” reviews a large 
number of previous studies, both theoretical and empirical ones; examines, in depth, 
developments in the fragmentation theory; and discusses whether there is still room for further 
investigation in the literature. In addition, the chapter reviews trade statistics and tariff data to 
explore the export and import performance for parts and components and final products in 
terms of intra– and inter–regional trade, as well as the magnitude of tariff rates for East Asian 
countries.  
        Subsequently, this dissertation starts to extend a series of empirical studies in the next four 
chapters with a particular emphasis on East Asian countries. Chapter III is titled “Did 
international production/distribution networks mitigate the effect of the global financial crisis? 
Evidence from Taiwan machinery industry,” which investigates how Taiwan’s exports 
recovered after the global financial crisis in 2008-2009 through international production 
 xii 
networks by using the survival analysis, particularly the trade relationship in exports with 
trading partners. This chapter provides the evidence that trade with East Asian countries 
presents a stronger resilience in the trade relationships. These positive effects are particularly 
strong in the parts and components of electric machinery.  
        The survival analysis in international production networks is further applied to investigate 
the impact of tariff rates on the import trade relationship. Tariffs are common trade barriers in 
the world, but we do not know much about the relationship between tariff rates and the 
resilience of international production networks. Chapter IV, which is titled “Impact of tariff 
rates on the probability of trade relationship survival: evidence from ASEAN+6 manufactured 
goods,” finds that products with low tariff rates are longer lived in international trade than 
products with high tariff rates. The lower the tariff rates, the longer the import trade 
relationships. 
        The next chapter also employs tariff rate data but examines whether the importers of East 
Asian countries exhibit tariff evasion behavior. The question is addressed in Chapter V, titled, 
“Tariff Evasion in Machinery Production Networks: Evidence from East Asia.” This chapter 
shows that imports by low-income East Asian countries are more likely to evade tariffs. 
Moreover, we find that the tariff evasion in parts and components trade increases much more 
than that in final products with a one-percentage-point increase in the tariff rate.  
        The final chapter is Chapter VI, titled, “Does Asian fragmentation matter for the 
extensive margin of international trade in machinery production networks?” In this chapter, we 
investigate the extent and depth of participation in international production networks. Specially, 
we examine whether parts and components are more likely to export than final products in 
2013 by using probit model. Our probit estimate shows a 14.3% higher probability of exporting 
 xiii 
parts and components than exporting final products in 2013. Furthermore, we investigate the 
characteristics of product–country pairs and find that parts and components have a higher 
probability of setting up new product–country pairs and a lower probability of losing product–
country pairs, compared with final products. 
        In addition to the conclusion and finding for each empirical chapter, those chapters also 
provided the meaningful implications that present the solution, suggestion, and comments for 
policymakers. 
 1 
CHAPTER I 
Outline of the dissertation 
Vertically integrated production processes have split into two or more segments because of 
technological advances and lower service costs from the perspective of globalization. Such 
segmentation, called the international division of labor, provides new possibilities for 
countries engaged in specialized production based on advantages derived from differences 
in technologies, location, and factor costs. Since the 1990s, international production and 
distribution networks in East Asia have developed rapidly. This new phenomenon has 
changed traditional methods of international trade, particularly in East Asia, which has 
unique regional diversity. 
        It is widely recognized that the industries that exhibit the most outstanding 
development of international production networks in East Asia are the machinery industries, 
including general machinery, electrical machinery, transport equipment, and precision 
machinery. The international division of labor in the machinery industries plays vital role in 
vertical production processes, particularly crucial factors such as the trading of parts and 
components, which has grown considerably in recent years. The roles and importance of 
parts and components trading and final products in East Asia have been empirically 
investigated in regard to not only intra-regional trade but also inter-regional trade. Most 
results show that the parts and components industry has a positive significant effect on 
international trade, attributed to its major position in the machinery production in East Asia. 
However, further study regarding production chain networking is still required; a deeper and 
broader investigation on the structure and mechanisms of production networks is 
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worthwhile and could help to explain how product characteristics and attributes adjust to 
unpredictable shocks and to trade policy changes. 
        This dissertation provides a wider perspective on and an extension to the study of 
international production networks, thereby making a broad contribution to the related 
literature. In particular, we focus on the stability of East Asian production networks during 
global economic shocks, and conduct an in-depth deeply investigation into the impact of 
tariff trade barriers preventing trade relationships between production networks among East 
Asian countries. We also examine the properties of production networks in regard to tariff 
evasion. These topics are investigated through empirical studies and integrated into this 
dissertation, thereby enhancing our understanding of the robustness of East Asian 
production networks from various perspectives.    
        This dissertation has a distinct contribution relative to previous empirical studies; 
specifically, we employ a less common econometric approach and detailed international 
trade and tariff rate data to design a series of empirical studies, all of which focus on 
breakthrough innovation topics in the East Asian production networks literature. Among the 
empirical studies designed for this dissertation, a common major finding is that trade 
relationships between East Asian countries are closely linked and integrated through intra-
regional production networks. Such trade integration could be widely extended and 
intensively applied in other Asian countries that have active production networks (i.e., Hong 
Kong and Taiwan). This dissertation briefly provides useful implications and suggestions 
for policy makers. 
        This dissertation is outlined as follows: Chapter II is titled “Literature review and data 
description.” This chapter introduces a large number of previous studies that had involved 
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various aspects and perspectives in the fragmentation theory. These studies include both 
theoretical and empirical studies, investigating the extension, application, and development 
of production fragmentation and vertical specialization as well as the international 
production networks. Subsequently, this chapter addresses a gap in related literature and 
claims the contribution of this dissertation. In the sub-section of Chapter II, the extent of 
participation in international production networks is presented. Moreover, we present the 
trends in East Asian average tariff rates for manufactured and machinery goods as well as 
parts and components and final products during 1996–2011. In particular, the change in 
tariff rates between parts and components and final products presents a significant 
difference. This chapter promotes a better understanding of the development in international 
production networks and the over-time trends of tariff reduction in East Asia. 
        Chapter III is titled “Did international production/distribution networks mitigate the 
effect of the global financial crisis? Evidence from Taiwan machinery industry.” This 
chapter provides empirical evidence for how Taiwan’s machinery trade recovered sharply 
after the global economic crisis through production networks with its trading partners. This 
evidence is obtained by employing survival analysis and monthly trade data obtained from 
the World Trade Atlas at the most disaggregated level. Taiwan is one of the primary 
participants in international production networks, particularly in machinery trade, for which 
Taiwan holds a critical position in East Asia.  
        When the subprime mortgage crisis severely shocked the world’s economy in 2008, 
Taiwan’s machinery exports were also profoundly affected, mainly reflected in the drop in 
the supply of parts and components to other East Asian countries. The major finding is that 
the trading of parts and components with East Asian trading partners exhibits low hazard 
 4 
rate, particularly for country-product pairs who were still active in January 2009 (defined as 
the worst month of the global financial crisis). These active trade relationships imply that 
such pairs were major drivers of the recovery of trade values after the crisis, which can be 
attributed to the resilience of Asian regional trade. 
        Chapter IV is titled “Impact of tariff rates on the probability of trade relationship 
survival: evidence from ASEAN+6 manufactured goods.” In this chapter, ASEAN+6 is 
employed as the reporter to investigate import trade relationships in regard to intra- and 
inter-regional trade from 1996 to 2011. We introduce tariff barriers as crucial factors to 
examine whether consecutive import trade relationships would be affected by varied import 
tariffs. The logic of the introduction of tariff barriers is that each country-product pair must 
face varied import tariffs according to trading partners, years, and products. Briefly, a 
variety of import tariffs is possible for manufactured goods. However, previous studies have 
seldom examined the relationship between import tariffs and trade relationships through 
empirical analysis. 
        Import tariffs are introduced and categorized into high and low import tariffs by using 
the median. The findings reveal that trade relationships with low tariffs survive longer than 
those with high tariffs on manufactured goods. Also, a high import tariff is likely to sever a 
trade relationship. By contrast, a lower import tariff is more likely to help maintain stability 
in trade relationship. The magnitudes of tariffs affect trade relationships in regard to not 
only intra-regional trade but also inter-regional trade. We obtain consistent results from a 
further evidence robustness check, comparisons of differentiated products and homogeneous 
goods based on Rauch’s product classification, and comparison between parts and 
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components and final products in the machinery industries of international production 
networks.  
        Chapter V is titled “Tariff evasion in machinery production networks: evidence from 
East Asia.” In this chapter, trade statistics and tariff data regarding intra-regional trade in 
East Asia are employed to examine whether bilateral tariff evasion exists within 
international production networks. Considering that illicit trade from corrupt customs 
officers can harm international trade and cause small trade flows in imports, the networking 
of production chains in East Asia might collapse as a result of a substantial gap in trade, 
because production networks represent multinational activity, and an input–output 
relationship exists between parts and components and final products. Imports typically 
become missing in customs during international trade, and this is known as the evasion gap. 
The evasion gap occurs when there is a significant discrepancy between the exports 
recorded by the exporting country’s authority and the imports recorded by the importing 
country’s authority.  
        In chapter V, we observe a significant and positive relationship between tariff rates and 
the evasion gap. Briefly, tariff-induced evasion gaps exist within East Asian production 
networks. We find that tariff evasion exists in 7 of 12 East Asian countries, particularly non-
high-income importers. Further evidence regarding product comparison shows that parts and 
components are more likely to be used for tariff evasion than final products are. This finding 
proves to be robust when we investigate other channels of tariff evasion, namely the 
quantity and unit value gaps, which are defined as the difference in the quantity or unit 
value of exports reported by the exporting country and that of imports reported by the 
importing country. Moreover, we investigate nonlinear issues and tariff evasion of the 
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misclassification of imported products and obtain robust results. These findings provide 
meaningful implications for policy makers. 
        Chapter VI is titled “Does Asian fragmentation matter for the extensive margin of 
international trade in machinery production networks?” In this chapter, we examine changes 
in the extensive margin of international production networks by using highly disaggregated 
international trade data. We specifically investigate changes in the number of product–
country pairs exported from ASEAN+3 countries to international trading partners. The 
number of product–country pairs increased significantly between 1996 and 2013, 
particularly for the trading of parts and components. In terms of the countries dimensions, 
Japan, Korea, China, and Singapore are major exporters with stable development and 
involvement in international production networks. Notably, other countries in East Asia are 
increasingly joining this network.    
        We subsequently examine the probability of exporting in 2013 and evaluate whether 
parts and components significantly differ from final products in terms of performance, by 
using the probit model. Our marginal effect indicates a 14.3% higher probability of 
exporting in 2013 for parts and components than for final products. Then, we include the 
intra-regional trade of parts and components among ASEAN+3 countries into the model and 
observe an 13.4% higher probability of exporting. Moreover, we compare the export 
probability between parts and components and final products based on the status of product–
country pairs. The results show that compared with final products, parts and components 
have a 12.8% higher probability of becoming new product–country pairs (a product–country 
pair is not observed in 1996 but is observed in 2013) and a 14.5% lower probability of 
becoming disappearing product–country pairs (a product–country pair is observed in 1996 
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but not in 2013). These marginal effects are robust even if individual ASEAN+3 countries 
are considered. 
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CHAPTER II 
Literature review and data description 
2.1 Literature review 
The nature of international trade has dramatically changed because of globalization and the 
development of trade liberalization. In particular, advances in technology and lower service 
costs have contributed to fragmentation in the production process, resulting in split 
segments produced separately because of vertical specialization in production chains. This 
implies that the formation of vertical production chains and international production and 
distribution networks is because of the mechanics of the international division of labor. 
These mechanics provide a new concept for the trade patterns of vertical production links or 
cross-border production sharing systems and discussion of production process-wise location 
patterns rather than industry-wise location patterns. This phenomenon is known as “vertical 
specialization”, “slicing up the value chain,” “international production sharing,” 
“outsourcing,” “offshoring,” “disintegration of production,” “multistage production,” 
“production fragmentation,” ‘‘multi-stage production,’’ or ‘‘intra-product specialization,’’ 
and is referred to as “fragmentation theory” for the remainder of this chapter. To further 
understand the nature of fragmentation, Deardorff (2001a) explains that fragmentation is 
likely to make a difference if factor prices are not equal across countries, either because of 
differences in technologies or dissimilarities in factor endowments. The term 
“fragmentation” is commonly defined as the splitting of a previously integrated production 
process into two or more production process steps, implying that the components or 
fragments are undertaken in different locations but result in the same final product. 
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        Several studies have discussed various aspects of fragmentation by using their own 
theoretical frameworks and terminology. Jones and Kierzkowski (1988) are the first to 
formally build a theoretical framework and explore the role of services in production and 
international trade, emphasizing that liberalizing services results in a finer international 
division of labor in the fragmentation of production for North–South trade. Later, Jones and 
Kierzkowski (2000) extend their analysis on production blocks and service links and 
indicate that the reduction of service costs such as those of international telephone calls, 
transportation, internet connection, and lower banking transactions, facilitates coordination 
between production blocks in different locations. Therefore, if service costs become 
cheaper, international service lines are more likely to trade frequently and be utilized 
intensively in the production process. Deardorff (2001b) uses the Heckscher–Ohlin model to 
investigate the effects of fragmentation on factor prices and whether and where fragmented 
technologies are used and determines that these two cases depend on the nature of 
fragmentation. Hanson (1996) develops a model of regional production networks based on 
location-specific external economies and uses the Mexican apparel industry as an example 
to estimate the effects of trade liberalization and obtain consistent results regarding 
Mexico's pre-trade and post-trade regional apparel wage structures. Moreover, vertical 
multinational firms benefit from increased trade volumes because of fragmentation to a 
greater extent than do horizontal multinational firms, and fragmentation does not necessarily 
lead to the international convergence of factor prices (Venables, 1999). 
        With the development of trade integration and production disintegration over the past 
several decades, the structure of trade has shifted to include more international outsourcing 
in the global economy. AntraҒs and Helpman (2004) develop a theoretical framework 
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regarding global outsourcing strategies and explore various characteristics within and across 
sectors, including the impact on within-sectoral heterogeneity, variations in productivity, 
and the relative prevalence of different organizational forms. Jones, Kierzkowski, and 
Lurong (2005) indicate that international outsourcing particularly emerges in parts and 
components trading, thereby yielding a great increase in trade. This disagglomeration of 
trade flows is likely to be more prevalent than agglomeration. Kohler (2004) uses the 
specific-factors framework to focus on the domestic cost–savings linkage between 
fragmentation and labor demand and indicates that the production process shift from 
domestic production to fragmentation is modeled as a two-stage game, where stage 1 
involves firms locating indivisible assets domestically or overseas and stage 2 involves 
profit-maximizing labor demand domestically and overseas.  
        The division of labor results in each worker being more specialized for particular tasks. 
When an integrated production process is segmented vertically into two or more production 
blocks, each production block can be produced in a separate location. However, 
fragmentation is not costless, implying that fragmented production blocks must be 
coordinated with service-link costs. Advances in technology result in a reduction in the 
importance of distance; therefore, the lower impact of distance on production implies lower 
service-link costs, which facilitates fragmentation and the outsourcing of output, particularly 
in parts and components trading. Grossman and Helpman (2005) examine outsourcing 
decision in a global economy and report that the extent of international outsourcing activity 
is attributable to the labor supplies, investment, and nature of the contracting environment. 
Ethier (2005) assumes a high substitution between outsourcing and unskilled labor, 
complementarity between equipment and skilled labor, and the use of flexible production 
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methods to solve serious globalization challenges. Firms located in developed countries 
outsource production to developing economies (regional or international) because of their 
relatively cheap labor. However, incomplete outsourcing implies that some firms produce a 
small fraction of upstream components domestically, with the remainder outsourced 
internationally (i.e., research and development [R&D] activities), as proposed by Long 
(2005). The workers who complete tasks outsourced internationally to low-wage regions 
must be trained to comply with the quality specification required by the head office. Long 
(2005) indicates that such training causes technology spillovers, thereby implying that 
increases in training costs for workers in low-wage regions lead to a reduction in 
employment for overseas rival firms and an increase in outsourcing.   
        Another emerging question is that of the effects of fragmentation and international 
outsourcing on skilled and unskilled workers and wage inequality. Different requirements 
for labor skills depend on the production block following fragmentation. For example, if one 
country or region has abundant labor, labor-intensive fragment is more appropriate for that 
country or region. Alternatively, a capital-intensive fragment is more crucial for a country or 
region that possesses more skilled labor. Deardorff (2005) indicates that developed 
countries have a technical advantage over developing countries and suggests that if 
developed countries continue international outsourcing activities, the wages of unskilled 
laborers in developed countries will fall below those in developing countries. However, the 
extent of this effect depends on whether factor endowments vary sufficiently to lead to 
specialization.  
        If a domestic firm (or company) decides to outsource their production overseas, a 
shock on employment in the domestic firm and an impact on skilled and unskilled workers 
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are expected. Firms in developed countries exhibit greater demand for overseas unskilled 
labor to assemble segments and produce components for specific tasks because wages for 
unskilled laborers overseas are relatively low. This implies that firms reduce the domestic 
demand for unskilled labor, whereas international outsourcing provides them with positive 
outcomes. By contrast, the demand for skilled labor increases if the home country is a 
skilled-labor-intensive country. Feenstra and Hanson (1996) use import data from the 
manufacturing industry and disaggregated data on input purchase in the United States to 
suggest that outsourcing is the factor affecting the increase in relative demand for skilled 
labor. Moreover, technology changes only partially explain the increase in wage inequality 
(Feenstra, 1998). Costinot, Vogel, and Wang (2012) indicate that opposite effects on wage 
inequality are exerted depending on whether workers are employed at the top or bottom of 
the global supply chain.  
        Offshoring is an extended activity of fragmentation, in the case of international 
outsourcing, a domestic firm or company shifts production overseas without outsourcing the 
job. For example, if Toyota opens a factory in Vietnam and transfers the production of a car 
parts to this factory, the result is that a Japanese firm implements a factory in Vietnam, but 
the firm is not Vietnamese. The literature on international outsourcing has expanded to 
include firms that conduct specific production tasks overseas. Grossman and Rossi-
Hansberg (2008) develop the trade-in-tasks model of offshoring by building on the process 
of international task division, which assumes perfect complementarity between tasks. Their 
research is subsequently expanded to discuss various aspects such as the impact of domestic 
jobs, unemployment, employment, and welfare caused by offshoring (Baldwin and Robert-
Nicoud, 2014; Egger, Kreickemeier, and Wrona, 2015; Geishecker and Görg, 2013; 
 13 
Groizard, Ranjan, and Rodriguez-Lopez, 2014; Wright, 2014; Zhou and Zeng, 2015; Kiyota 
and Maruyama, 2017).  
        The most suitable occupational tasks for offshoring are jobs that do not involve direct 
contact with customers or jobs based on specific worksites, such as routine production tasks 
and clerical jobs. By contrast, service occupations are relatively unsuitable for offshoring 
because workers must engage in face-to-face interactions with customers. This is why 
offshoring can support employment growth for low-skilled service job. However, CrinoҒ  
(2010) investigates the effect of service offshoring on white-collar employment in 1997–
2006 and indicates that employment increased in highly skilled occupations during this 
period because service offshoring is biased to favor skilled workers. Moreover, offshoring is 
beneficial for high-skilled workers but detrimental for medium- and low-skilled workers; 
this is particularly true for service offshoring (Hummels et al., 2014; Geishecker and Görg, 
2013; Kim and Hwang, 2016). The study of offshoring is commonly applied in labor 
markets to investigate the effects of offshoring on wages for skilled and unskilled laborers. 
Goel (2017) demonstrates the robust association between offshoring and the increase in 
technological variables (equipment-labor ratio and R&D intensity) and that between 
offshoring and labor outcomes (employment and wages of high- and low-skilled workers). 
Mitra and Ranjan (2010) indicate that the unemployment increases to a higher level in the 
offshoring sector than in the non–offshoring sector if labor mobility is imperfect between 
the two sectors. The findings of AntraҒs, Garicano and Rossi-Hansberg (2006) show that 
wage inequality increases among nonmanagers in countries with a relatively low 
distribution of skills but does not necessarily increase in countries with a relatively high 
distribution of skills. 
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        With the development of the theoretical framework, some measurements and 
definitions are developed to quantify the extent of fragmentation. For example, outsourcing 
is commonly defined as the imported input share of gross output or material inputs (Berman, 
Bound, and Griliches, 1994; Feenstra, 1998; Slaughter, 2000). Hummels, Ishii, and Yi (2001) 
create a method for quantifying the extent of participation in the vertical specialization chain, 
which is the share of imported intermediates in gross output. Subsequently, this ratio is 
multiplied by the exports. The researchers measure vertical specialization (VS) by 
employing input–output (I-O) tables from 14 countries and the experiment determines that 
VS shares increased by approximately 30% between 1970 and 1990; growth was notably 
larger in smaller economies. Moreover, the measure of Amador and Cabral (2009) 
complements that of Hummels, Ishii, and Yi (2001) and provides an extensive perspective 
of VS on product type, country, and time dimensions despite being less precise than that of 
Hummels, Ishii, and Yi (2001). Another derivative question is whether countries specialize 
in the upstream or downstream stages of global production processes because of 
fragmentation of production across national boundaries. AntraҒs et al. (2012) develop two 
measures of industry upstreamness to determine the average distance from final use. The 
minimum level of upstreamness is 1; a larger value indicates a relatively high level of 
upstreamness for an industry’s use. To quantify the extent of fragmentation inside and 
outside regions, Johnson and Noguera (2012a, b) introduce the “VAX ratio,” which is 
defined as the ratio of value added to gross trade, and find that distance is associated with 
the mechanism of fragmentation because of the costs of transporting goods.  
        In addition to theoretical measurements, some empirical studies provide alternative 
methods and data sources to quantify the extent of the international fragmentation of 
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production. The main data sources can be classified into three types. First, customs statistics 
publish data on outward and inward processing trade regarding components (materials) that 
are exported (imported) for overseas (domestic) processing and then re-imported (re-
exported). These data provide a narrow measure of the international fragmentation of 
production and are employed by Egger and Egger (2001), Lemoine and Ünal-Kesenci 
(2004), Helg and Tajoli (2005), Swenson (2005), Clark (2006), and Baldone, Sdogati, and 
Tajoli (2007).  
        Second, trade statistics are commonly used to measure the extent of fragmentation by 
classifying products into the trading of parts and components and that of final products. 
However, product classification shifts over time, leading to a difficulty in merging and 
tracking some products. Nevertheless, the advantage of these types of data sources is that 
they provide a long analysis period and comparison across multiple countries. For example, 
Yeats (1998) and Ng and Yeats (1999) are the first studies to use the Standard International 
Trade Classification (SITC) to identify the parts and components aggregate in SITC 7 
(machinery and transport equipment) and SITC 8 (miscellaneous manufactured articles). 
Hummels et al. (2001), Yeats (2001), and Orefice and Rocha (2014) determine import 
values for parts and components from Comtrade at the SITC Rev.3 equivalents of codes 42 
and 53 in the broad economic categories (BEC) classification. Baldwin and Taglioni (2011), 
Maғrquez-Ramos and Martiғnez-Zarzoso (2014), and Florensa et al. (2015) classify parts and 
components sectors at BEC codes 1, 2, 4, and 5 (i.e., 111, 121, 21, 22, 42, and 53) and final 
goods sectors at BEC codes 1, 4, 5, and 6 (i.e., 112, 122, 41, 51, 52, 61, 62, and 63). 
Moreover, Ando and Kimura (2005) identify parts and components and final products in the 
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most disaggregated Harmonized System (HS) product classification in the machinery 
industry (HS84-HS92) and their definitions have subsequently been used extensively. 
        The final common data source employed for international fragmentation in the 
empirical literature is I–O tables, which illustrate the flows of final products and 
intermediate goods. Available information in I–O tables can be used to properly track 
whether a particular product is an intermediate good used in the production of another 
product. However, I–O tables are not updated regularly, and thus cannot be used in accurate 
time-series analyses or cross-country analyses unless the data or analysis constitutes an 
aggregate product breakdown (i.e., industry level). A number of empirical studies explore 
various aspect of fragmentation issues based on I–O data (Feenstra and Hanson, 1996; 
Hummels, Rapoport, and Yi, 1998; Hummels et al., 2001; Chen, Kondratowicz, and Yi, 
2005; Chen and Chang, 2006; Amador and Cabral, 2009; Antras and Chor, 2013; Baldwin 
and Lopez-Gonzalez, 2015). Moreover, I–O tables could be used to measure the trade in 
value added in production fragmentation as well as in the global value chains (GVCs). Yu 
and Luo (2017), after measuring the domestic value added (DVA) to investigate whether 
China’s exports gained from participating in the GVCs and demonstrate that DVA is much 
smaller than suggested by the conventional statistics of gross trade between 1995 and 2011, 
find a lower proportion of DVA in China’s exports than other developed countries. Chen 
(2016) uses I–O tables to investigate the intra-industry fragmentation in electronics exports 
and finds that Japan, Korea, and Taiwan exhibit the greatest international fragmentation and 
receive substantial home value added in exports from abroad. Ito and Veғzina (2016) 
investigate the geographic fragmentation of value added in Factory Asia by using the 2005 
Asian Input–Output Matrix, indicating that the average share of foreign value added in 
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production increased from 9% to 16% between 1990 and 2005. Timmer et al. (2013) 
measure the contribution to the production of final manufacturing goods based on the value 
added for European countries. Furthermore, the ratio of value added to gross exports can be 
used to measure the intensity of production fragmentation (Johnson and Noguera, 2012a, b). 
        By combining theory and data, empirical studies on the extent of fragmentation 
extensively explore national and regional dimensions. For example, Ando and Kimura 
(2013) indicate that the extensive margin increasing production fragmentation in Europe is 
linked with Central and Eastern Europe through machinery imports from East Asia. 
Kaminski and Ng (2005) explore the development of parts and components and final 
products in three networks trade, automotive, information technology (IT) and furniture 
networks, and find that Central European transition economies, particularly EU-based 
production and distribution networks, have been integrated into the global economy. 
Moreover, the dominance of IT network trading is further increasing. Baldone, Sdogati, and 
Tajoli (2001) use outward processing data of trades between Central and Eastern European 
EU member nations to indicate that the level of processing in the textile and apparel trades 
greatly exceeded that of final trades and was affected by the international fragmentation of 
production, which is activated by labor cost differentials and geographic and cultural 
proximity. Gorg (2000) examines the extent of inward processing trade in the United States, 
which is proxy for fragmentation in trade, and suggests the importance of comparative 
advantages for the sectoral distribution of inward processing trade. Fung et al. (2015) 
investigate the development of production networks in parts and components trading in 
China, Mexico, and Brazil between 1990 and 2010. The results indicate that Greater China 
economies are crucial sources and destinations for Chinese parts and components and 
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primary sources of parts and components for imports from Brazil and Mexico. Egger and 
Egger (2005) examine which determinants drive the development of EU processing trade 
and find that the growth of outward processing trade is determined by infrastructure factors 
such as road and telephone networks or the trading partner’s electricity supply. However, 
inward processing trade for EU countries is driven by cost factors such as relative prices, 
real exchange rates, and taxes. Ando and Kimura (2011) indicate that Japanese 
manufacturing firms actively involve production fragmentation for integration in production 
and distribution networks in East Asia. 
        The effect of trade liberalization on fragmentation production due to regional 
integration and globalization has been explored in some contexts such as tariff reduction. 
Goldberg et al. (2010) examine the relationship between decreases in trade costs, imports of 
intermediate inputs, and domestic firm product scope by employing trade- and firm-level 
data from India. The results indicate that new products should be introduced by domestic 
firms at a lower average input tariff of 31%. Yi (2003) indicates that vertical specialization 
increases after a reduction in tariffs, resulting in a significant increase in the extensive 
margin. This is because the international production process can be fragmented into more 
stages cross border after the elimination of the tariff barrier. Hayakawa (2014) demonstrates 
that the emergence of tariff reduction in one production process in an industry may 
drastically change the magnitude of trade in the whole industry. For example, tariff 
reductions on machinery parts and components increase not only the number of machinery 
part and component imports but also the number of machinery final product exports. 
Similarly, Florensa et al. (2015) observe a rapid development in regional production 
networks in Latin America after 2000, indicating that the increase of imports of intermediate 
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goods from various regions, particularly China, to Latin America enabled more exports of 
final and intermediate goods. Amiti and Konings (2007) use plant-level data on imported 
inputs and Indonesian manufacturing census data from 1991 to 2001 to examine 
productivity gains based on the reduction in final goods and intermediate inputs. The results 
reveal that a reduction of input tariffs by 10% was associated with a 12% increase in 
productivity among firms that imported inputs.  
        The aforementioned economic logic originates from trade elasticities, which are crucial 
in the quantitative analysis of the impact of tariff rates on trade. Even the magnitudes of 
trade elasticities have been considerably inconsistent in the trade literature (Caliendo and 
Parro 2015; Hummels 2001; Broda and Weinstein 2006; Romalis 2007; Simonovska and 
Waugh 2014; Bridgman 2013; Novy 2013). Gains from trade are mostly related to the 
reduction of trade cost (e.g., tariff reductions). Baier and Bergstrand (2001) find that the 
mean logarithmic growth of trade is 148% for several OECD countries between the late 
1950s and late 1980s, and this growth could be explained by a 23%–26% reduction in tariff 
rates. Gangnes, Ma, and Assche (2014) use trade data at the industry and custom regime 
levels in China and find that GVCs affect the elasticity of trade to foreign income shocks 
through a composition effect. 
        A notable topic related to the international fragmentation of production processes in the 
international trade literature that has received much attention is intra-industry trade (IIT). 
Distinctions between types of IIT have been extensively studied; the trade pattern of Europe 
belongs to horizontal IIT, whereas that of East Asia belongs to vertical IIT. Ando (2006) 
indicates that the increase in vertical IIT is associated with the expansion of back-and-forth 
transactions involved in the vertical fragmentation of production in East Asia. A similar 
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result is obtained by Turkcan and Ates (2011), who find that vertical IIT of auto-parts has 
increased between the United States and its trading partners. Martin-Montaner and Rios 
(2002) examine the effects of difference in factor endowments on vertical specialization 
focusing on IIT in Spain, and find that factor endowments are a crucial factor in explaining 
vertical intra-industry specialization. Okubo (2007) demonstrates that technology 
transference through vertical foreign direct investments (FDI) in production networks 
promotes the development of IIT. Yoshida (2013) investigates IIT in terms of fragmentation 
by analyzing trade between Korea and 41 regions of Japan in 1998–2006, and suggests that 
the increase in sub-regional IIT is associated with the introduction of a new variety of 
exports (extensive margin), whereas the decrease in IIT is associated with the increase in the 
trade value of products already exported (intensive margin). 
        Notably, East Asia constitutes an outstanding case of fragmentation production. With 
the development of the theoretical framework of production fragmentation, a series of 
empirical studies focusing on East Asia are examined broadly one after another. In 
particular, the international production and distribution networks are composed of vertical 
production chains and distribution networks extended across East Asian countries. East Asia 
comprises many countries with different income levels. If we consider a country to be an 
individual production block, we may observe that some countries are purely labor-intensive 
production blocks, whereas others are capital-intensive production blocks. Therefore, if a 
firm can accurately locate its production process in an appropriate production block, they 
may reduce the total production cost and achieve higher productivity and efficiency through 
the vertical specialization of the production process. 
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        Cheng and Kierzkowski (2001) collect a series of articles drafted by well-known 
international economics scholars from Europe, Asia-Pacific, and North America, focusing 
on the cases of international fragmentation of production in East Asia. Their book 
conceptually proposes the process and mechanics of international production fragmentation, 
provides the theory and meaningful policy implications, and identifies East Asia as the 
region where the phenomenon of production fragmentation is the most visible compared 
with other regions. Athukorala (2005) and Athukorala and Yamashita (2006) have indicated 
that parts and components (fragmentation trade) have generally grown in East Asia, and 
compared with North America and Europe, East Asia countries largely depend on 
international vertical specialization. Furthermore, the formation of international production 
and distribution networks in East Asia considerably increased machinery trade, particularly 
the parts and components trade in both exports and imports (Ando and Kimura 2005; 
Kimura and Ando 2005; Kimura 2006; Kimura and Obashi 2010; Haddad, 2007; Ando, 
2010). In addition to these findings, the international division of labor in East Asia 
experiences a rapid expansion in the intra-regional trade of parts and components and then 
integrates with global production chains to sell their final products to other regions. Some 
works consider the comparison between intra- and inter-regional trade because trade 
policies are associated with trade growth (Deardorff and Stern 1986; Frankel and Romer 
1999; Harrison and Hanson 1999; Rodriguez and Rodrik 2001; Anderson and Wincoop 
2003; Rose 2004).  
        Cases of machinery trade in East Asian production networks are applied in various 
studies. For example, Besedeš and Prusa (2006a, 2006b) is the first study to employ survival 
analysis in international trade. The connection between international production networks in 
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East Asia and survival analysis is initially investigated by Obashi (2010). She explores the 
duration and survival of bilateral trade relationships by using HS six-digit annual trade data 
in machinery trade, with a Cox proportional hazards model and Kaplan–Meier estimates and 
indicates that parts and components are likely to survive longer than final products. Obashi 
(2011) examines the impact of the resilience of international production networks during the 
Asian financial and currency crisis in 1997–1998 and concludes that the transactions of 
intermediate goods (parts and components) are likely to be more stable within production 
networks. Ando and Kimura (2012) compare the effects of the East Japan Earthquake and 
the global financial crisis on Japanese exports by using the monthly HS nine-digit product 
level. They conclude that the effect of the global financial crisis is much higher and more 
prolonged than that of the East Japan Earthquake; however, trade in machinery parts and 
components likely continues and recovers sooner even if the trade relationship ceases for a 
period.  
        Moreover, Okubo, Kimura, and Teshima (2014) use monthly HS nine-digit levels in 
exports to explore the impact of the global financial crisis on machinery production 
networks in Japan and classify trade relationships into four groups based on their definitions 
of terminology, with the contribution that trade in parts and components is not likely to be 
discontinued during the crisis. Obashi and Kimura (2017) explore the widening and 
deepening of machinery production networks between ASEAN and its trading partner 
during 2007–2013. They particularly indicate that stable development of the back-and-forth 
trade relationship of Singapore and Thailand with East Asian partners plays a crucial role in 
international production networks. Ando and Iriyama (2009) indicate that from 1994 to 
2004, Japanese machinery firms were more likely to respond to exchange rate movements of 
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exports in international production networks in East Asia, particularly those involving large 
firms, dominant majority-owned affiliates, and high intra-firm trade ratios.  
        Collectively, this dissertation further attempts to extend and apply the fragmentation of 
production in East Asia, which is currently defined “international production networks.” In 
spite of disparate topics collected in this dissertation, all chapters have the international 
production networks as a common core issue and are closely related. Trade statistics on HS 
product classification are used throughout this dissertation. Specifically, parts and 
components and final products are incorporated into our analytical framework. We use HS 
product classification instead of other data sources because it provides data on a longer 
analysis period and more detailed classification at the product level. This is because it 
directly observes the difference in exports and imports between parts and components and 
compares the extent of fragmentation across countries. More crucially, this data source 
matches the tariff rates at the product detail level, which is one of our major aims in this 
dissertation. By applying HS product classification to trade data and tariff rate data, we fill 
the gap in the literature concerning the extent and depth of the international production 
networks and the impact of tariff rates on them, providing more extensive and different 
perspectives for discussion on East Asia. 
        We first examine whether the effect of international production networks helps recover 
trade values, which experienced a drastic decline during the financial crisis in 2008–2009, 
with special emphasis on Taiwan, by using detailed monthly trade data at the most HS ten-
digit level and survival analysis. We then introduce the crucial factor, import tariff costs into 
our model, examining the correlation between tariff rates and the trade relationship duration 
and investigating whether the probability of trade relationship survival differs according to 
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the level of tariff rates for distinct types of products for East Asian machinery trade. 
Because of regional integration, tariff reduction, and the rapid development of international 
machinery production networks in East Asia, we address whether intra-regional trade in 
East Asia led to tariff evasion in international production and distribution networks in 1996–
2011 by using the six-digit disaggregated product level. Finally, to investigate the extent of 
participation in international production networks, we examine changes in trade patterns 
related to the number of product–country pairs exported from ASEAN+3 countries to 
international trading partners for parts and components and final products in 1996–2013. 
        Our contributions suitably fill the gap in the fragmentation literature and provide new 
findings and policy implications from various perspectives. First, although few studies have 
discussed global production and trade in Taiwan (Tung 2001; Chu 2001; Schive and Chyn 
2001), they did not focus on the machinery trade or provide statistically empirical data. 
Specifically, we incorporate two aspects of the trade literature: the issue of global financial 
crisis and international production networks in East Asia (Asian fragmentation). In addition 
to the two aspects of the trade literature, we use survival analysis as the empirical 
methodology, which is a less commonly used new statistical technique employed in the 
international trade literature.  
        Second, several discussions on tariff changes in exported or imported volumes 
(Hayakawa 2013; Amiti and Konings 2007; Debaere and Mostashari 2010) and the 
reduction of tariffs in production networks (Hayakawa 2014; Florensa et al. 2015) are 
studied. Yet in practice, we still lack reliable estimates of the effect of tariff liberalization on 
trade relationships, and we attempts to fill this gap. The production process is segmented 
into two or more steps. Thus, the discontinuation of a trade relationship in one of the 
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production blocks because of high tariff can affect the next stage of the production block or 
even the whole production chain.  
        Third, the machinery industry is prone to fragmentation in international production 
networks, primarily because of the necessity of using many parts and components to 
assemble a final product. If tariff evasion and corruption occur in one of the blocks of a 
production chain, the impact of lower import trade flows extends to subsequent production 
blocks and causes much international trade loss. The present study is the first to explore the 
issue of tariff evasion in Asian production fragmentation.  
        Finally, we provide a variety of features and perspectives after the comparison with 
previous studies presented in the sixth chapter. First, we provide a longer analysis period 
and expand ASEAN to ASEAN+3 countries to deeply explore the extent of involvement in 
production networks. Second, we explicitly compare the difference in the probability of 
exporting for parts and components and final products. Third, we evaluate whether parts and 
components differ from final products in the performance of exports based on the status of 
product–country pairs, concentrating on the statistical analysis of new and disappearing 
product–country pairs. 
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2.2 Data description 
 
This subchapter provides data description of East Asia focusing on machinery production 
networks to facilitate our understanding of product characteristics and attributes and the 
extent and depth of East Asian countries’ machinery production involvement. Figures 2.1 
and 2.2 show the proportions of machinery parts and components and final products in the 
total exports and imports of manufactured goods in 1996 and 2011, respectively. European, 
American, and counties from other regions are included for reference. These figures 
illustrate the extent to which each country is engaged in machinery production networks. 
Each pair of stacked bars represents the machinery proportions in a country’s manufacturing 
process. The left bar (blue) and right bar (green) show exports and imports, respectively. In 
both bars, the dark portions represent parts and components and the light portions represent 
for final products. 
        East Asian countries are the focus of this dissertation. In China, the proportions of 
imports and exports reveal noticeable changes between 1996 and 2011; exports increased 
from 33% in 1996 to 58% in 2011 and imports increased from 50% in 1996 to 57% in 2011. 
In 1996, China had a higher proportion of imports than exports, whereas in 2011, the two 
proportions were similar, possibly because of the significant decrease in final product 
imports in 2011. Furthermore, China experienced a 12% increase in final product exports 
and 14% increase in imports of parts and components in 2011. Consequently, regarded as 
the world’s factory, China is now active in international production networks, importing 
large quantities of intermediate goods that are subsequently assembled and exported. 
European countries such as Hungary and the Czech Republic are also highly dependent on 
trade within the machinery industry, particularly imports of parts and components and final 
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product exports. Moreover, Obashi and Kimura (2017) observe similar trade patterns in 
Mexico and Slovakia, both of which could be considered world factories in terms of their 
machinery production networks.    
        Japan, Korea, and Singapore all experienced increases in machinery proportions from 
1996 to 2011, with exports increasing from 59% to 79% and imports increasing from 47% 
to 75%. The increased proportion of parts and components implies a more active 
participation in machinery production networks, particularly in Singapore, where the 
proportions of imported and exported parts and components reached approximately 50% in 
2011. Malaysia and the Philippines have also exhibited evidence of active transactions 
involving parts and components; in 2011, the proportions of imported and exported parts 
and components to and from these countries were higher than those of final products.  
        In Thailand, the proportion of total exports decreased from 54% to 50% and that of 
imports decreased from 61% to 48% between 1996 and 2011. The most major decrease was 
parts and components, particularly imports, which decreased by 8%. However, even after 
this decrease, the proportion was high, compared with those of Indonesia, Vietnam, and 
Cambodia1. In Vietnam, the proportion of exported final products was 21% and that of 
imported parts and components was 22%. Evidently, these two sectors have an input–output 
relationship that is similar to those of other world factories. In Cambodia, although the 
proportion of imported final products was 20% in 2011, that of imported parts and 
components was less than 5%. Thus, Cambodia’s dependence on machinery trade is low 
compared with other East Asian countries. Imports are prioritized in Indonesia, where the  
                                                 
1 Because of data limitations, information on Brunei, Lao PDR, and Myanmar are unavailable and only 
2011 data are available for Vietnam and Cambodia. 
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proportions of imported parts and components and final products doubled from 1996 to 
2011, thereby exhibiting greater increases than proportions of exported goods. Taiwan, in 
addition to the ASEAN+3 countries, is an East Asian country with active participation in 
international production networks. Its proportion of parts and components produced was 
larger than that of final products in 1996 and in 2011, and this difference increased from 
1996 to 2011. In particular, Taiwan is an export-oriented country; therefore, Taiwan ranked 
third for exported parts and components in 2011 among the analyzed countries. 
        Figure 2.3 shows the proportions of all exported and imported machinery products in 
various countries in 1996 and 2011. The dark blue (green) bars show exports (imports) to 
(from) other countries of parts and components, whereas the light blue (green) bars show the 
exports (imports) of final products. These data reveal changes in the trade patterns of 
specific East Asian countries; for example, China’s parts and components trading accounted 
for 35% of machinery exports and 46% of machinery imports in 1996 and reached 41% and 
65% in 2011, which suggests that China actively engages in transactions involving parts and 
components. Similarly, Singapore and Malaysia exhibit frequent trading of exported and 
imported parts and components, and such activity accounted for 70% and 65%, respectively, 
of those countries’ total machinery trade in 2011. 
        In Indonesia and Japan, parts and components and final products accounted for 
approximately 50%, each for exports and imports in 2011. However, the proportion of 
exported parts and components increased by 11% in Indonesia between 1996 and 2011. The 
Philippines is highly dependent on exported and imported parts and components, and that 
country’s proportion of exported final products increased by 5% from 1996 to 2011. 
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regional trade with countries in Europe and America2. The proportions of all manufactured 
goods accounted for 77%–93% of total exports and 58%–93% of total imports from and to 
East Asian countries’ trade in 1996–2011. In addition, 30%–71% of exports and imports 
accounted for by machinery trade. However, the proportion of the total imports of all 
manufactured goods between East Asia and America declined by 19% because of a decline 
in the proportion of machinery trade, which reduced dependence on machinery from 48% to 
30% between 1996 and 2011. Nevertheless, the manufacturing industry remains dominant 
alongside machinery trade between these regions.  
        A comparison of intra– and inter–regional trade patterns reveals that substantial trade 
flows are generated between East Asian countries in terms of exports and imports. 
Regarding inter–regional trade, East Asia generally imports goods from Europe and exports 
goods to America. Within East Asia, the proportion of machinery parts and components 
accounted for 28%–37%, whereas the proportion of final products accounted for 17%–20% 
of the total exports and imports in 1996-2011; by contrast, in inter–regional trade between 
East Asia and Europe, the proportion of parts and components is lower than that of final 
products. In America, although the proportion of exports of parts and components is lower 
than that of final product exports, that of imports of parts and components is higher than that 
of final product imports. 
        Notably, the machinery industry consists of general machinery (HS 84), electric 
machinery (HS 85), transport equipment (HS 86-89), and precision machinery (HS 90-92). 
                                                 
2 Europe refers to the 27 European Union countries: Belgium, Luxembourg, Denmark, France, Germany, 
Greece, Ireland, Italy, Netherlands, Portugal, Spain, United Kingdom, Austria, Finland, Sweden, 
Bulgaria, Cyprus, Czech Republic, Estonia, Hungary, Latvia, Lithuania, Malta, Poland, Romania, 
Slovakia, and Slovenia. America refers to countries that are part of the North American Free Trade 
Agreement and Union of South America Nations: Canada, Mexico, United States, Argentina, Bolivia, 
Brazil, Chile, Colombia, Ecuador, Guyana, Paraguay, Peru, Suriname, Uruguay, and Venezuela. 
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Tables 2.2 and 2.3 summarize East Asia’s intra– and inter–regional trade according to these 
sub-industries in 1996–2011. As Table 2.2 reveals, the proportion of electric machinery 
accounted for 20%–28% of exports and 24%–30% of imports in intra–regional trade. These 
proportions are more dominant than equivalent proportions in the other sub-industries, and 
are indicative of trade value. Regarding the product composition of electric machinery, parts 
and components accounted for 15%–23%, which is considerably larger than the 5%–6% 
accounted for by final products in the sample period. Based on the findings in Tables 2.1 
and 2.2, machinery trade patterns are prominent in East Asia, particularly back–and–forth 
international transactions involving parts and components in electric machinery. 
        General machinery trading had the second highest proportion with 15%–18% in both 
exports and imports. Parts and components and final products had similar proportions within 
the range of 7%–10% and did not differ substantially from 1996 to 2011. Transport 
equipment and precision machinery had a relatively low proportion of parts and components 
and final products, each with 1%–3%. 
        Table 2.3 presents information on inter–regional trade between East Asia and other 
regions, namely Europe and America, in1996, 2003, and 2011. The proportions of general 
machinery and electric machinery in inter–regional trade are similar, both with 20%–25% in 
exports and 11%–20% in imports. Regarding the product composition within these two sub–
industries, final products had larger proportion than did parts and components in exports of 
general machinery, whereas parts and components had a higher proportion than did final 
products in imports of electric machinery. These findings suggest that international 
production networks have extended from a regional scale to a global scale. Indeed, East 
Asian countries import electric machinery parts and components not only from within East 
  
Table 2.1. Intra– and inter–regional machinery trade in East Asia 
 Exports  Imports 
 Trade value (billions US$)  Shares of total exports (%)  Trade value (billions US$)  Shares of total imports (%) 
 1996 2003 2011  1996 2003 2011  1996 2003 2011  1996 2003 2011 
East Asia                
 All manufactured goods 301 456 1255  82% 84% 77%  317 502 1350  82% 84% 79% 
 Parts and components 110 200 450  30% 36% 28%  110 220 520  29% 37% 31% 
 Final products 75 99 270  20% 18% 17%  75 110 290  20% 18% 17% 
 Machineries 185 299 720  50% 54% 45%  185 330 810  49% 55% 48% 
Europe                
 All manufactured goods 130 220 560  93% 92% 88%  130 150 400  93% 88% 89% 
 Parts and components 38 61 150  27% 25% 23%  31 47 110  22% 28% 24% 
 Final products 55 98 190  39% 41% 30%  49 48 140  35% 28% 31% 
 Machineries 93 159 340  66% 66% 53%  80 95 250  57% 56% 56% 
America                
 All manufactured goods 232 327 741  92% 92% 89%  169 162 333  77% 73% 58% 
 Parts and components 82 87 190  33% 24% 23%  56 65 96  25% 30% 17% 
 Final products 96 150 290  38% 42% 35%  49 38 74  22% 17% 13% 
 Machineries 178 237 480  71% 66% 58%  105 103 170  48% 47% 30% 
Source: Author’s calculations, based on international trade data available from the United Nations Comtrade Database. 
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Table 2.2. Intra–regional machinery trade in East Asia by sub–industry 
 Exports  Imports 
 Trade value  
(billions US$) 
 Shares of total exports  
(%) 
 Trade value  
(billions US$) 
 Shares of total imports  
(%) 
 1996 2003 2011  1996 2003 2011  1996 2003 2011  1996 2003 2011 
General machinery (HS 84) 65 94 240  18% 17% 15%  67 100 250  18% 17% 15% 
 Parts and components 30 51 120  8% 9% 8%  30 49 120  8% 8% 7% 
 Final products 35 43 120  9% 8% 8%  37 51 130  10% 9% 8% 
Electric machinery (HS 85) 93 154 323  25% 28% 20%  91 178 419  24% 30% 25% 
 Parts and components 71 120 240  19% 22% 15%  70 140 320  18% 23% 19% 
 Final products 22 34 83  6% 6% 5%  21 38 99  6% 6% 6% 
Transport equipment (HS 86-89) 17.6 24 92  5% 4% 6%  16.2 19.8 67  4% 3% 4% 
 Parts and components 6.6 11 40  2% 2% 3%  7.5 9.8 32  2% 2% 2% 
 Final products 11 13 52  3% 2% 3%  8.7 10 35  2% 2% 2% 
Precision machinery (HS 90-92) 11.3 20.1 75  3% 4% 5%  11.9 26.6 77  3% 4% 5% 
 Parts and components 3.7 11 54  1% 2% 3%  4.2 17 53  1% 3% 3% 
 Final products 7.6 9.1 21  2% 2% 1%  7.7 9.6 24  2% 2% 1% 
Source: Author’s calculations, based on international trade data available from the United Nations Comtrade Database. 
35 
 
  
Table 2.3. Inter–regional machinery trade in East Asia by sub–industry 
 Exports  Imports 
 Trade value  
(billions US$) 
 Shares of total exports  
(%) 
 Trade value  
(billions US$) 
 Shares of total imports  
(%) 
 1996 2003 2011  1996 2003 2011  1996 2003 2011  1996 2003 2011 
General machinery (HS 84) 93 131 298  24% 22% 20%  73 68 151  20% 17% 15% 
 Parts and components 39 55 115  10% 9% 8%  32 36 87  9% 9% 9% 
 Final products 54 76 183  14% 13% 12%  41 32 64  11% 8% 6% 
Electric machinery (HS 85) 99 141 294  25% 24% 20%  62.6 73.1 109  17% 19% 11% 
 Parts and components 61 65 144  16% 11% 10%  44 59 79  12% 15% 8% 
 Final products 38 76 150  10% 13% 10%  18.6 14.1 30  5% 4% 3% 
Transport equipment (HS 86-89) 59.7 104.4 181  15% 17% 12%  33.4 33.5 103.9  9% 9% 10% 
 Parts and components 13.7 20.4 54  4% 3% 4%  7.4 11.5 25  2% 3% 3% 
 Final products 46 84 127  12% 14% 9%  26 22 78  7% 6% 8% 
Precision machinery (HS 90-92) 20.5 21.8 59  5% 4% 4%  17 23.6 54.6  5% 6% 5% 
 Parts and components 7.1 7.9 32  2% 1% 2%  4 6.2 13.6  1% 2% 1% 
 Final products 13.4 13.9 27  3% 2% 2%  13 17.4 41  4% 4% 4% 
Source: Author’s calculations, based on international trade data available from the United Nations Comtrade Database. 
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Asia but also from countries in other regions. 
        Another notable concern is related to the export of final transport equipment products, 
which had 5%–11% higher proportions than did parts and components between 1996 and 
2011. Regarding the proportions and trade values of intra–regional transport equipment 
trading, East Asian countries are likely to export final transport equipment products to 
countries in other regions. Finally, precision machinery has low proportions for intra– and 
inter–regional trade.       
        We further investigate the intra– and inter–regional trade structure in East Asia, 
focusing on the product composition of 10 major traded products, with the emphasis on 
imports as well as exports. Tables 2.4 and 2.5 list the HS 6–digit product codes, commodity 
descriptions, and trade values of 10 major traded machinery products with regard to parts 
and components and final products, respectively, in intra– and inter–regional East Asian 
exports and imports for the years 1996 and 2011. Table 2.4 indicates that the intra-regional 
exports of East Asia and traded export values of parts and components are substantially 
larger than those of final products not only for 1996 but also for 2011. This suggests that 
parts and components play a major role in intra-regional transactions in East Asia: in 
particular, the 10 most traded products belong to sub-industry HS 85, namely electric 
machinery. Moreover, information and communication technology (ICT) 3  within the 
electronics industry has become crucial in developing and extending production networks. 
On the basis of the definition of ICT goods proposed by the OECD (2003), a list of ICT 
goods for HS 6–digit product codes was proposed in the HS 1996 and 2002 classifications. 
                                                 
3 The definition of ICT goods is based on OECD (2003) and specifies that “ICT goods must either be 
intended to fulfill the function of information processing and communication by electronic means, 
including transmission and display, OR use electronic processing to detect, measure and/or record 
physical phenomena, or to control a physical process.”  
  38 
This classification has varied over time in OECD reports. Kimura and Obashi (2010) make 
further modifications to fit the HS 1992 classification to ICT goods. In Tables 2.4 and 2.5, 
the ICT machinery goods are highlighted in boldface. 
        As for parts and components, the 10 major traded machinery products in intra-regional 
exports trade in 1996 are all ICT machinery goods and 6 of the 10 major traded machinery 
products are ICT machinery goods in 2011. Similarly, ICT machinery goods accounted for a 
larger proportion of the 10 major traded machinery products for intra-regional final products 
as well as inter-regional trade in terms of parts and components and final products. Inter-
regionally, East Asian countries export more final products than they do parts and 
components. As for intra- and inter-regional imports, we find that East Asian countries 
imported more intra-regional parts and components than they exported in 2011 (Table 2.5). 
Additionally, ICT machinery goods were active in import transactions, implying that they 
are more prominent than other goods in the intra- and inter-regional trade of exports and 
imports. 
        The Information Technology Agreement (ITA) is an agreement enforced by the World 
Trade Organization (WTO), whose aim is to completely eliminate duties on information 
technology (IT) products. The difference between the OECD and WTO lists in the ITA 
reflects their separate purposes; this is discussed in OECD (2003). The ITA was initially 
determined in 1996 with 29 participants and has grown to include 82 WTO members 
covering approximately 97% of contemporary world trade in IT products. The explosive 
growth in ICT goods and IT products could be attributed to the elimination of tariff and the 
openness of trade in these two decades. 
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Table 2.4. Top 10 Goods for Intra–regional and Inter–regional Exports in East Asia 
Intra-regional exports 
Ranking Parts and components  Final products 
East Asia        
Year 1996  HS 6-digit  code 
Commodity 
description 
Value 
(Millions 
US$) 
 HS 6-digit  code 
         Commodity  
         description 
Value 
(Millions 
US$) 
1 854211 Monolithic integrated circuits, dig16616.3   847193 Storage units, whether or not prese4433.0  
2 847330 Parts and accessories of automatic 11320.9   847989 Machines & mechanical appliances ne3658.2  
3 854219 Monolithic integrated circuits, nes6335.4   847192 Input or output units, whether or n3109.5  
4 852290 Parts and accessories of apparatus 4162.2   852810 Television receivers including vide2701.6  
5 852990 Parts suitable for use solely or pr3629.6   850110 Electric motors of an output not ex2067.7  
6 854280 Electronic integrated circuits and 3189.3   870323 Automobiles with reciprocating pist1685.9  
7 854290 Parts of electronic integrated circ2770.2   847120 Digital auto data process mach cntg1414.5  
8 854030 Cathode-ray tubes, nes 2243.6   852110 Video recording or reproducing appa1341.5  
9 853400 Printed circuits 2103.8   842952 Shovels and excavators with a 360 r1273.3  
10 854011 Cathode-ray television picture tube2037.3   852320 Unrecorded magnetic discs 1213.1  
Year 2011        
1 854211 Monolithic integrated circuits, dig73052.7   847989 Machines & mechanical appliances ne20788.2  
2 901380 Optical devices, appliances and ins33072.5   847120 Digital auto data process mach cntg16658.3  
3 854219 Monolithic integrated circuits, nes32465.8   852520 Transmission apparatus, for radiote14812.9  
4 847330 Parts and accessories of automatic 18778.9   847193 Storage units, whether or not prese13281.3  
5 851790 Parts of electrical apparatus for l15136.9   890190 Cargo vessels nes and other vessels9893.6  
6 870899 Motor vehicle parts nes 11159.1   870323 Automobiles with reciprocating pist9873.5  
7 844390 Parts of printing machinery & machi9362.5   852810 Television receivers including vide8483.7  
8 852990 Parts suitable for use solely or pr8802.2   852530 Television cameras 6214.0  
9 854140 Photosensitive semiconductor device8560.5   890120 Tankers 6130.6  
10 870840 Tansmissions for motor vehicles8543.7   851730 Telephonic or telegraphic switching5775.3  
Inter-regional exports 
Year 1996 
1 854211 Monolithic integrated circuits, dig18741.1   870323 Automobiles with reciprocating pist17300.1  
2 847330 Parts and accessories of automatic 18257.5   847193 Storage units, whether or not prese16546.4  
3 854219 Monolithic integrated circuits, nes5017.2   847192 Input or output units, whether or n14775.4  
4 854280 Electronic integrated circuits and 4637.8   870322 Automobiles with reciprocating pist8181.8  
5 870840 Tansmissions for motor vehicles3568.7   870324 Automobiles with reciprocating pist8026.4  
6 870899 Motor vehicle parts nes 2845.9   852110 Video recording or reproducing appa4354.3  
7 840734 Engines, spark-ignition reciprocati2719.7   852810 Television receivers including vide3159.7  
8 852990 Parts suitable for use solely or pr2647.1   852530 Television cameras 3158.5  
9 854800 Electrical parts of machinery or ap2596.7   847199 Automatic data processing machines 2892.0  
10 900990 Parts and accessories for photo cop2411.1   900912 Electrostatic photo-copying apparat2522.9  
Year 2011 
1 854140 Photosensitive semiconductor device28725.9   847120 Digital auto data process mach cntg74148.7  
2 847330 Parts and accessories of automatic 20739.9   870323 Automobiles with reciprocating pist38925.6  
3 901380 Optical devices, appliances and ins17208.5   852520 Transmission apparatus, for radiote36945.6  
4 854211 Monolithic integrated circuits, dig15946.9   847193 Storage units, whether or not prese15740.9  
5 851790 Parts of electrical apparatus for l15344.4   870324 Automobiles with reciprocating pist15290.4  
6 844390 Parts of printing machinery & machi14007.3   852810 Television receivers including vide15053.3  
7 870899 Motor vehicle parts nes 13137.9   851730 Telephonic or telegraphic switching14863.1  
8 852990 Parts suitable for use solely or pr11946.8   844350 Printing machinery nes 14685.8  
9 870840 Tansmissions for motor vehicles9814.9   890190 Cargo vessels nes and other vessels14575.2  
10 854219 Monolithic integrated circuits, nes9353.8   852530 Television cameras 11789.2  
Notes: ICT goods are marked in boldface. All figures are to identify ICT goods on the basis of the HS 1992 product 
classification. 
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Table 2.5. Top 10 Goods for Intra–regional and Inter–regional Imports in East Asia 
Intra-regional exports 
Ranking Parts and components  Final products 
East Asia        
Year 1996 HS 6-digit  code 
Commodity 
description 
Value 
(Millions 
US$) 
 HS 6-digit  code 
       Commodity  
       description 
Value 
(Millions 
US$) 
1 854211 Monolithic integrated circuits, dig13150.6   847193 Storage units, whether or not prese6492.7  
2 847330 Parts and accessories of automatic 12248.7  847989 Machines & mechanical appliances ne4966.8  
3 854219 Monolithic integrated circuits, nes6803.4   852810 Television receivers including vide2450.4  
4 854290 Parts of electronic integrated circ5352.0   847192 Input or output units, whether or n2325.7  
5 852290 Parts and accessories of apparatus 4445.6   847191 Digital process units whether or no2161.7  
6 852990 Parts suitable for use solely or pr3808.9   850110 Electric motors of an output not ex2127.8  
7 870899 Motor vehicle parts nes 2880.6   852110 Video recording or reproducing appa1428.7  
8 854011 Cathode-ray television picture tube2816.7   890190 Cargo vessels nes and other vessels1239.6  
9 854220 Hybrid integrated circuits 2614.3   870323 Automobiles with reciprocating pist1168.3  
10 853400 Printed circuits 2124.0   850440 Static converters, nes 1088.4  
Year 2011        
1 854211 Monolithic integrated circuits, dig105873.1   847193 Storage units, whether or not prese21691.2  
2 854219 Monolithic integrated circuits, nes53194.1   847989 Machines & mechanical appliances ne21032.7  
3 901380 Optical devices, appliances and ins29424.3   852520 Transmission apparatus, for radiote19896.7  
4 847330 Parts and accessories of automatic 23925.2  847120 Digital auto data process mach cntg17776.7  
5 851790 Parts of electrical apparatus for l15831.0   870323 Automobiles with reciprocating pist10160.3  
6 852990 Parts suitable for use solely or pr14359.8   851730 Telephonic or telegraphic switching9035.2  
7 844390 Parts of printing machinery & machi12044.3   852530 Television cameras 8712.7  
8 853400 Printed circuits 11156.0   852810 Television receivers including vide8628.1  
9 854140 Photosensitive semiconductor device9422.8   850440 Static converters, nes 6591.4  
10 870840 Tansmissions for motor vehicles9117.8   844350 Printing machinery nes 6146.4  
Inter-regional exports 
Year 1996 
1 854211 Monolithic integrated circuits, dig11798.3   880240 Aircraft nes of an unladen weight e8663.1  
2 854290 Parts of electronic integrated circ9236.5   870323 Automobiles with reciprocating pist6967.9  
3 847330 Parts and accessories of automatic 7435.5  847989 Machines & mechanical appliances ne5729.7  
4 854219 Monolithic integrated circuits, nes3796.8   870324 Automobiles with reciprocating pist4168.8  
5 880330 Aircraft parts nes 2461.8   852520 Transmission apparatus, for radiote3899.7  
6 851790 Parts of electrical apparatus for l2403.0   847191 Digital process units whether or no3881.1  
7 852990 Parts suitable for use solely or pr2367.4   847193 Storage units, whether or not prese2218.2  
8 847990 Parts of machines & mechanical appl1614.7   854380 Electrical machines and apparatus, 1634.5  
9 870899 Motor vehicle parts nes 1551.6   903180 Measuring or checking instruments, 1593.9  
10 848180 Taps, cocks, valves and similar app1231.8   847199 Automatic data processing machines 1486.0  
Year 2011 
1 854211 Monolithic integrated circuits, dig22903.7   870323 Automobiles with reciprocating pist26679.1  
2 854219 Monolithic integrated circuits, nes11455.0   880240 Aircraft nes of an unladen weight e23750.4  
3 854290 Parts of electronic integrated circ8268.5   847989 Machines & mechanical appliances ne18649.4  
4 880330 Aircraft parts nes 7835.5   870324 Automobiles with reciprocating pist13337.2  
5 841191 Parts of turbo-jets or turbo propel7257.2   851730 Telephonic or telegraphic switching4213.9  
6 847990 Parts of machines & mechanical appl4349.3   901890 Instruments and appliances used in 3714.6  
7 870840 Tansmissions for motor vehicles4304.0   903289 Automatic regulating or controlling3654.8  
8 848180 Taps, cocks, valves and similar app4260.7   850440 Static converters, nes 3419.5  
9 847330 Parts and accessories of automatic 3969.8  852520 Transmission apparatus, for radiote3279.4  
10 870899 Motor vehicle parts nes 3690.5   903180 Measuring or checking instruments, 3144.4  
Notes: ICT goods are marked in boldface. All figures are to identify ICT goods on the basis of the HS 1992 product 
classification. 
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        Tariff rates are explored because they can serve as general trade barriers. However, 
tariffs are not commonly discussed in fragmentation studies. Yi (2003) indicates that an 
increase in the extensive margin is associated with tariff reductions in vertical specialization 
because both intermediate and finished goods frequently flow across borders in production 
networks where the tariff barrier has been eliminated. The following figures provide an 
overview of tariff rates for different products in East Asia overall and between individual 
East Asian countries.  
        Figure 2.4 shows the trends of imported average tariff rates in East Asia form 1996 to 
2011. The green, purple, blue, and orange lines present manufactured goods, machinery 
goods, parts and components and final products, respectively. Overall, the tariff rates of all 
product categories reduced over time. Notably, the average tariff rates of machinery goods 
were lower than those of manufactured goods, with 8.4% in1996 and 4.6% in 2011 for 
machinery goods compared with 10.4% in 1996 and 5.0% in 2011 for manufactured goods. 
These findings indicate that machinery goods have been a crucial driver of trade 
liberalization in East Asia.  
        Additionally, parts and components have lower tariff rates than do final products. The 
average tariff rate for parts and components decreased from 6.9% in 1996 to 4.3% in 2011, 
whereas that of final products decreased from 9.4% in 1996 to 4.9% in 2011. The difference 
in tariff rates by product type gradually reduced following tariff reductions. As previously 
noted, East Asia imports a large quantity of parts and components and exports parts and 
components or final products through intra– and inter–regional trade. Thus, the integration 
of international production networks involving countries in East Asia and the rest of the 
world could benefit from lower tariff rates of parts and components. 
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Fig. 2.4. Trends in East Asian average tariff rates for manufactured and machinery goods 
 
 
 
        Figure 2.5 presents the average tariff rates of specific machinery goods for each East 
Asian country in the 1990s and 2000s to show how they changed over time. Overall, the 
tariff rates fell significantly between 1996 and 2011 in most East Asian counties. In 
addition, the tariff rates of parts and components were lower than those of final products in 
2011, except in Cambodia, Brunei, Korea, and Japan. In Singapore and Japan, the tariff rates 
of parts and components and final products were close to zero in both 1996 and 2011, 
indicating complete trade liberalization. By contrast, China’s tariff rates were quite high in 
1996, with averages of 16.1% for parts and components and 23.5% for final products. After 
China's acceptance into World Trade Organization in 2001, their tariff rates rapidly reduced 
because of the openness of free trade. Specifically, China’s tariff rates decreased to 6.2% 
and 9% for parts and components and for final products, respectively, in 2011. 
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        In Thailand, the tariff rates also changed drastically, falling from 35.5% to 6.1% for 
parts and components and from 37.9% to 7.4% for final products between 1999 and 2011. A 
similarly drastic decline was observed in the Philippines between 1998 and 2011;in 
particular, its tariff rates for parts and components were as low as 2% in 2011. Conversely, 
the tariff rates in Lao PDR remained fairly constant throughout the sample period. In Korea, 
Myanmar, Indonesia, and Malaysia, tariff rate reductions were slight, except for that of final 
products in Indonesia, which fell 6.2% from 1996 to 2011. Vietnam also experienced drastic 
tariff rate reductions, with those of parts and components and of final products falling to 
4.7% and 6.1%, respectively, in 2010. However, tariff rates in Brunei and Cambodia 
remained high in 2008 and 2011, particularly those of parts and components; indeed, rates 
were above 15% in Cambodia, implying the presence of high production network trade 
barriers. 
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CHAPTER III 
 
Did international production/distribution networks mitigate the 
effect of the global financial crisis? Evidence from Taiwan 
machinery industry* 
 
 
 
This chapter employs survival analysis to investigate how the trade relationships of 
international production/distribution networks mitigated the negative effects on exports 
during the global financial crisis of 2008–2009. Using monthly trade data at the most 
disaggregated level, this chapter employs January 2009 as the base, which was the worst 
month of the crisis, to identify whether there were active or inactive trade relationships. We 
reveal that even in the worst month of the crisis, the country-product pairs had high survival 
rates for active trade relationships, implying they were major drivers of the recovery of trade 
values after the crisis.  
 
3.1 Introduction 
International production/distribution networks have been developed considerably over the 
last decade, particularly in East Asia, where they played a significant role in transactions in 
intra-regional trade, with a larger degree of dependence that elsewhere in the world 
(Athukorala 2011). In this regard, it is worth noting that production/distribution networks in 
                                                 
* The revised version of this chapter is forthcoming in Asia-Pacific Journal of Accounting & Economics. 
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East Asia are more sophisticated, geographically extensive, abundantly populated, and 
relatively distinctive in contrast to the networks between other regions. In other words, 
production networks in East Asia involve different income levels in a number of countries 
and should be integrated with international trade and economic activities 4  (Ando and 
Kimura 2005). Otherwise, intermediate goods account for a large portion of machinery 
trade; these goods are traded across countries, such that trade relationships (i.e. reporter-
product-partner) are formed, which are also the major foundations of production networks. 
Even though production networks may become unstable once trade relationships are broken 
off due to a specific shock, parts and components trade is relatively stable, as reflected 
mainly in production networks than in final products (Haddad 2007). Sadly, the effect of the 
subprime mortgage crisis severely shocked the world economy in 2008, and international 
trade for most countries fell drastically, particularly on their exports (Kawai 2009; Jing 
2012; McKibbin and Stoeckel 2009).  
        Taiwan is a country with an export-oriented economy, and its machinery trade of 
exports accounts for a significant position in the world, particularly in the trade of parts and 
components as well as an electric industry.5 Unfortunately, Taiwan has also suffered a 
drastic decline in exports during the financial crisis. Especially, Taiwan is active in intra-
regional trade and is a major participant in international production networks in East Asia. 
Once trade relationships with trading partners are broken off by the impact of financial crisis, 
the chain of production/distribution networks must be destroyed drastically. Even though 
Taiwan’s trade analysis is less to be investigated due to the data availability, monthly 
                                                 
4 As shown in Ando and Kimura (2005), the main actors participating in regional production networks in 
East Asia are machinery trade. 
5 Paprzycki and Ito (2010) indicate that liberalization and regional integration have been concentrated 
because of electric machinery. 
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international trade data are used at the ten-digit level of HS, with the most disaggregated 
product level in this chapter. Through this detailed trade data clearly reveal the changes of 
trade relationships on production networks between Taiwan and her trading partners 
carefully.  
        The trend of the Taiwan’s trade presented a V-shape from September 2008 to 
September 2009, implying trade values experienced a trade decline and trade recovery in a 
short period. At this period, some products might continue to keep exporting without 
breaking trade relationships off; in contrast, another group of products might stop exporting 
for a while and later recover trade again.6 We address that the former country-product pairs 
were even shocked by the crisis, but they are still strong enough so that they are able to 
survive from such adverse impact. In other words, they only decreased the trade values in 
exports and did not break off the trade relationships drastically. It could be inferred that 
these trade relationships may be a major driver that helped trade values sharply recover after 
the crisis.7 
        The purpose of this chapter is to investigate which type of trade relationships is a major 
driver helping trade values recover sharply. We select monthly data of trade relationships 
from September 2008 to September 2009 and define trade relationships that were active in 
September 2008 (and/or 1 month before and after) as our sample.8 Additionally, we set a 
                                                 
6 Okubo, Kimura, and Teshima (2014) decompose country-product pairs into four types in the crisis 
period: stay, exit, re-entry, and new entry. 
7 Ando (2010) indicates production networks are affected by the shock of the financial crisis, however, 
trade has rapidly recover in East Asia through regional production networks. 
8 Our sample excludes new trade relationships which are defined new-entry of country pairs appeared 
after the start of the financial crisis. Although they also play important roles in helping recover trade 
values in exports, we have at least two reasons to exclude them from our sample. First, it is not 
meaningful to estimate survival rates for new trade relationships based on the Kaplan–Meier estimator of 
survival analysis. Inversely, Okubo, Kimura, and Teshima (2014) investigate the probability of new-entry 
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dummy variable in January 2009, which replaces the worst month in trade values, 
investigating whether a significant difference between continued trade relationships (if 
taking unity of dummy variable) and discontinued trade relationships (if taking zero of 
dummy variable).  
        The chapter is also interested in knowing whether the negative effect on exports might 
be mitigated by the financial crisis through production networks. To shed light on this 
process, this chapter uses the empirical method of survival analysis. First, country-product 
pairs are estimated, as well as the survival rate, by employing the Kaplan–Meier estimator. 
We also compare the survive rate in regional dimension to investigate whether there was a 
significant impact during the crisis for regional trade, as well as the technique for the sub-
sectors of machinery trade and for the country dimension.9 Later, two crucial variables will 
be introduced and conducted into the Cox proportional hazard model to investigate what 
determinants help explain the differences in the duration of the trade.  
3.2  Survival analysis, financial crisis, and production networks  
In the past, survival analysis has been used in the literature on medical science but has rarely 
used in international trade. Since Besedeš and Prusa (2006a, 2006b) have applied survival 
analysis to international trade, this estimation methodology has gradually been applied to 
this field of study. Besedeš and Prusa (2006b) decomposed trade products into differentiated 
                                                                                                                                                      
during the financial crisis and evidence parts and components trade has a higher probability of survival. 
Second, the aim of our chapter is to research duration of trade relationships which are impacted 
drastically during the period of financial crisis. As for the sample which is not experienced the significant 
shock of trade relationships is beyond the scope of this chapter. 
9 The trading partners in this chapter consist of 36 countries, such as Cambodia, China, Hong Kong, 
Indonesia, Japan, Korea, Malaysia, Philippines, Singapore, Thailand, Vietnam, India, Austria, Belgium, 
Denmark, Finland, France, Germany, Italy, Netherlands, Portugal, Spain, Sweden, United Kingdom, 
Romania, Greece, Slovakia, Czech Republic, Hungary, Norway, Poland, Switzerland, Bulgaria, Ireland, 
Canada, United States, and are divided into three regions as, East Asia, EU and North America. 
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products, reference priced products and homogeneous products, and they indicated that 
differentiated products live longer than homogeneous products in the export market. Even 
though trade relationships are so fragile that the duration is very short, but most trade value 
is embodied in the small number of long-lived relationships, and the duration is affected by 
exporter characteristics (Nitsch 2009; Besedeš and Prusa 2011). In addition, Besedeš and 
Blyde (2010) confirmed that significant difference of the export survival rate across regions.  
        In terms of connection with survival analysis and production networks, Obashi (2010) 
used survival analysis with six-digit annual trade data, as well as investigated the stability of 
international production networks in machinery trade across East Asia. She concluded that 
parts and components were longer- lived and more stable than finished products. Further 
evidence was presented by Obashi (2011) in her investigation of the resilience of production 
networks in Asia during the Asian financial crisis from 1997 to 1998. However, her paper 
did not directly consider the 2008–2009 global financial crisis. In other words, we use finer 
product lever and monthly data to indicate the impact of the global financial crisis on the 
duration of trade relationship. Otherwise, Ando and Kimura (2012) used nine-digit monthly 
export data to compare the impact of the global financial crisis and East Japan earthquake 
on Japanese exports at the fall and recovery periods. However, they only applied survival 
analysis by using simple non-parametric estimation. They did not use a more rigorous 
survival analysis, such as the Cox proportional hazard model, in their paper. Moreover, 
Okubo, Kimura, and Teshima (2014) used detailed export data of monthly HS nine-digit 
levels and employed the definitions of terminology to decompose trade relationships into 
four groups for Japan’s case, indicating parts and components are not likely to stop during 
the financial crisis.  
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        This chapter is in line with Obashi (2011) and Okubo, Kimura, and Teshima (2014) but 
with features that are dissimilar to those of previous studies and analyzes a distinct 
perspective of trade relationships. First, this chapter employs unique data for Taiwan’s case, 
which is the monthly HS ten-digit that has the most disaggregated product level, to 
investigate survival time and length of survival. In this case, more product variety is 
involved in our sample, based on a ten-digit classification of the HS code. In other words, 
we could observe the changes in trade relationships for each ten-digit country-product pair 
in each month. Second, in contrast to previous literature, we distinguish the types of county-
product pairs during the crisis into continued trade relationships and discontinued ones by 
determining in a trade worst month 10 , whose aim is to investigate a difference in 
performance between them. We consider that still active trade relationships that experienced 
the worst trade month during the global financial crisis without leaving the market are more 
stable and presumably have higher survival probability. Third, we introduced two crucial 
covariates into Cox proportional hazard model. The ‘frequency’ refers to the cumulative 
number of destinations traded to trading partners for each product. Another explanatory 
factor employed is ‘Jan.2009’, which refers to the dummy variable for having still survived 
in January 2009 or not. We will describe the importance of these variables in detail later. 
The chapter expects these two important factors are able to affect the positive performance 
of trade relationships, particularly in production networks.  
                                                 
10 Indeed, trade relationships are getting to seriously broken off over time during the period of financial 
crisis. Nevertheless, it is difficult to choose the timing of disruption because the disruption of trade 
relationships for each country-product pair may not be consistent. What we did here is to choose the 
timing of research at the worst month within whole crisis period. A similar strategy employed is in Ando 
and Kimura (2012). 
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3.3 The development of trade patterns for machinery trade 
3.3.1    The trend of machinery trade  
Figure 3.1 shows exports related to Taiwan’s machinery trade to major regions, 
distinguishing parts and components and final products. It is interesting to see that Taiwan’s 
total machinery trade is focusing on East Asia. Its monthly average is $5789 million from 
September 2007 to September 2009, com- pared to EU ($1188 million) and USA ($1447 
million). In short, East Asia is the most major trade destination relative to other regions. 
Moreover, the parts and components trade is in high proportion to the machinery trade, 
especially in East Asia. It represents the fragmentation trade of production networks 
expanding among East Asian countries so that unique trade relationships are formed due to 
regional integration.  
        Since the Global Financial crisis in 2008, export trade has severely declined. Taiwan’s 
exports to East Asia have been drastically affected in terms of trade decline or trade 
recovery relative to exports to the USA and EU, mainly reflected in the parts and 
components trade. Within East Asia, the parts and components trade fell to 56% in January 
2009, its worst decline, compared to the same period of the previous year, with a 6704 
million falls to 2916 million in export value. Therefore, the trend of the trade is in a V-shape, 
showing the decline of Taiwan’s machinery trade from September 2008 to January 2009, 
the bottom of the decline, until the trade recovery to an average level in September 2009.11 
It is expected that the number of country-product pairs (extensive margin 12 ) must be 
changed during the period of the crisis, particularly in the worst month (i.e. January 2009). 
                                                 
11 The exports of parts and components with East Asia in September 2009 were 6849 million dollars, 
similar to the average level in September 2008 (6834 million dollars). 
12 The definition of the extensive margin in this chapter is followed with Hummels and Klenow (2005). 
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3.3.2    Country-product pairs  
Table 3.1 shows the number of trade relationships continued or discontinued in January 
2009, compared with the same period of the last/next year. Not only the number of country-
product pairs but also the proportion of survival indicates a significant difference obviously. 
The total surviving number in January 2008 is 15,195, with the proportion of 67% against a 
discounted number, 7472, with proportion of 33%. January 2009, which was the worst 
month of the global financial crisis, presents 12,613 lower continued numbers with 56.3% 
lower proportion. Correspondingly, January 2009 involves larger discontinued numbers and 
a higher discontinued share. Nevertheless, the survival numbers and pro- portion recover to 
the general level in the next year13 (January 2010). This transition help explains the change 
of the country-product pairs that are shocked by the crisis.  
        The proportion of continued and discontinued trade relationships of parts and 
components in January 2009 are 61.8 and 38.2%, respectively. This fact indicates a lower 
continued, and a higher discontinued ratio compared with the same periods of the 
previous/next year, implying a significant impact from the financial crisis. However, the 
number and proportion of discontinued trade relationships for final products are drastically 
decreased; the discontinued ratio is higher than the continued ratio. This also directly 
evidences parts and components have high stability in the maintenance of trade relationships, 
even after considering the shock of the financial crisis. Nevertheless, as of January 2009, the 
continued trade relationships are still higher than discontinued trade relationships. The 
                                                 
13 The trade relationships in January 2010 include continued, re-entry, and new-entry country-products 
pairs. Nevertheless, Table 3.1 shows that continued and discontinued trade relationships in the worst 
month of the crisis period (January 2009) are affected significantly relative to the same period in the 
last/next year. 
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evidence explains that most trade relationships were still active, even in the worst month of 
the crisis, and would be the important helpers in trade values after the crisis.14 
 
3.4 Data description and empirical strategy  
3.4.1    Data  
Taiwan’s available trade data, particularly those on machinery trade in exports, from World 
Trade Atlas (WTA) were employed in this chapter. This type of trade data is presented as 
product-line data by destination (i.e. Taiwan exports HS 8407339000 to China). The first six 
digits of any code are the same for any country, and individual states have additional 
                                                 
14 Taiwan’s machinery trade in exports recovered sharply to the before-the-crisis level in September 
2009 (10,208 million dollars). It experienced the crisis but still had active trade relationships in January 
2009, which account for the most trade values, with a proportion of 50.4% in September 2009; the non-
active trade relationships in January 2009 represent only 0.01%. Another important contributor to the 
recovery of trade values is represented by new-entry trade relationships, which have not appeared before 
January 2009 and accounted for a proportion of 32.8%. However, our major goals focus on the trade 
relationships that were shaken by the crisis. Therefore, the discussion regarding new-entry trade 
relationships is beyond the scope of this chapter. 
Table 3.1. The changes of the number of trade relationships in January  
 January 2008 January 2009 January 2010 
 Yes No Yes No Yes No 
 No. Share (%) No. 
Share 
(%)    No. 
Share 
(%) No. 
Share 
(%) No. 
Share 
(%) No. 
Share 
(%) 
Total 
East Asia 7469 69.9 3212 30.1 6078 58.1 4385 41.9 7332 71.2 2964 28.8 
EU 6245 62.2 3803 37.8 5204 51.8 4845 48.2 6008 63.0 3525 37.0 
North America 1481 76.4 457 23.6 1331 71.0 544 29.0 1369 76.8 414 23.2 
Total 15195 67.0 7472 33.0 12613 56.3 9774 43.7 14709 68.1 6903 31.9 
  P&C 
East Asia 4176  74.9 1399 25.1 3581 65.6 1879 34.4 3946 76.7 1202 23.3 
EU 3685  65.0 1983 35.0 3155 55.5 2528 44.5 3501 66.2 1784 33.8 
North America 847  81.1 197 18.9 789 76.2 247 23.8 771 80.4 188 19.6 
Total 8708  70.9 3579 29.1 7525 61.8 4654 38.2 8218  72.1 3174 27.9 
Final 
East Asia 3293  64.5 1813 35.5 2497 49.9 2506 50.1 3386 65.8 1762 34.2 
EU 2560  58.4 1820 41.6 2049 46.9 2317 53.1 2507 59.0 1741 41.0 
North America 634  70.9 260 29.1 542 64.6 297 35.4 598 72.6 226 27.4 
Total 6487  62.5 3893 37.5 5088 49.8 5120 50.2 6491 63.5 3729 36.5 
Note: “Yes” refers to trade relationships survived in January. “No” refers to no export in January. 
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classifications beyond the six-digit level. The data used are under a monthly disaggregated 
classification at the ten-digit level on FOB value. The machinery products of parts and 
components, as well as final products, are defined according to Ando and Kimura (2005).15 
Based on these monthly trade data, this chapter employs survival analysis based on distinct 
regions (i.e. East Asia, EU, and the North America) considering data from September 2008 
to September 2009 (13 months in total), which is defined as the period of financial crisis. In 
a given month, we can identify whether the trade relationship survives or not for each 
country-product pair. Also, we could observe how long a trade relationship survives without 
breaking off during the analysis period.16 
        This chapter also introduced ‘frequency’ and ‘Jan. 2009’ into the model. If a product is 
traded to trading partners frequently, it means the demand for product usage for this 
particular product is extensive and necessary so that the trade relationships are likely to be 
robust with trading partners. Also, ‘Jan. 2009’ is a dummy variable, taking unity if trade 
relationships are active in September 2008 (and/or 1 month before and after) and also 
activein January 2009 and 0 otherwise. We use January 2009 as the dummy variable for two 
reasons. First, Ando and Kimura (2012) employ January 2009 as a primary key time and 
                                                 
15 Following Ando and Kimura (2005), the definition of machinery parts and components of HS classification 
are presented as follows: 8406, 8407, 8408, 8409, 8410, 8411, 8412, 8413, 8414, 8416, 8417, 8431, 8448, 
8466, 8473, 8480, 8481, 8482, 8483, 8484, 8486, 8487, 8503, 8505, 8507, 8511. 8512, 8522, 8529, 8531, 
8532, 8533, 8534, 8535, 8536, 8537, 8538, 8539, 8540, 8541, 8542, 8544, 8545, 8546, 8547,8548, 8607, 8706, 
8707, 8708, 8714, 8803, 8805, 9001, 9002, 9003, 9013, 9014, 9033, 9104, 9110, 9111, 9112, 9113, 9114, 
9209, 840140, 840290, 840390, 840490, 841520, 841590, 841891, 841899, 841990, 842091, 842099, 842123, 
842129, 842131, 842191, 842199, 842290, 842390, 842490, 843290, 843390, 843490, 843590, 843691, 
843699, 843790, 843890, 843991, 843999, 844090,844190, 844240, 844250, 844391, 844399, 845090, 
845190, 845240, 845290, 845390, 845490, 845590, 846791, 846792, 846799, 846890, 847490, 847590, 
847690, 847790, 847890, 847990, 850490, 850690, 850870, 850990, 851090, 851390, 851490, 851590. 
851690. 851770, 851840, 851850, 851890, 852352, 853090, 854390, 870990, 871690, 900590, 900691, 
900699, 900791, 900792, 900890, 901090, 901190, 901290, 901590. 901790, 902490, 902590, 902690, 
902790, 902890, 902990, 903090, 903190, 903290. 
16 In order to reveal the impacts of the global financial crisis, we exclude the selection of multiple spells. 
In other words, the length of trade relationships is calculated until the first exit. See more multiple spells 
in Besedeš and Blyde (2010). 
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define October 2008–January 2009 as a falling trade period and January to October 2009 as 
a trade recovery period in Japan’s case. Trade values shocked by the financial crisis in 
Taiwan’s case are similar in Japan’s case, implying January 2009 is also the worst month of 
trade values during our sample period. Therefore, we could capture the change in survival 
performance for trade relationships that experienced a drastic shock but were still active in 
January 2009, at the start of the financial crisis, all the way until the worst month of the 
sample period and the trade recovery period. Second, although it may be possible to select 
other months as key timing, we investigate the samples that survive during the worst month 
(January 2009), which are likely to be more stable and have high survival probability than 
those that survive at any point during the trade fall period. January 2009 is the worst month 
in trade values due to the crisis; we expect that still surviving trade relationships would 
contribute most trade values in recovery if trade relationships still survive when facing such 
high risk.  
        Additionally, the hazard ratio is lower, while the trade value is high initially, which 
represents how it is not easy to discontinue the relationships in the long term. As for the 
other dummies, the parts and components trade, and parts and components in East Asia are 
also presented in the survival model. That could help explain how the effect of duration 
changes by product type and regional type. We also introduce the interaction term between 
dummy of Jan. 2009 and parts and components as well as the dummy of Jan. 2009 and parts 
and components in East Asia. We expect they have a positive effect on the duration of trade 
and would lower the probability of hazard rate. Other explanatory variables are based on 
gravity literature, which comply with survival analysis. Language is a dummy variable 
taking unity if both counties have a common official language and 0 otherwise. Colony is a 
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dummy variable, taking unity if a trading partner ever had a colonial relationship with 
Taiwan. Distance is the geographical distance between two capitals for both countries. All 
of the variables used in this chapter are logarithmic except for the dummy variables.  
3.4.2    Empirical model  
Let T be a non-negative random variable expressing time to the failure event for any 
country-products data. Given a specific good continues to trade in t month, thence the trade 
relationship of survival probability in t month equal to the product of survival probability 
every month before the disruption of trade relationship. The survivor function of T is given 
as  Sሺtሻ = Prሺܶ ≥ ݐሻ                                            ሺ͵.ͳሻ 
        The survivor function is equal to one as t goes to zero if the assumption that all 
country-products data must be the survival at the initial point. Relative to another extreme 
case, S(t) decreases down to zero as t goes to infinity. The Kaplan–Meier estimator of the 
survivor function represents as  
ܵ̂ሺݐሻ = ∏ ቆ ௝݊ − ௝݀௝݊ ቇ௧ೕ≤௧                                        ሺ͵.ʹሻ      
where nj is the number of survival for country-products data at time tj, and dj is the number 
of failures for country-products data at time tj. Also, the hazard function is also considered 
in order to estimate hazard rate for the stop of trade relationships if it is supposed to survive 
until tj month. The hazard function represents as  h(ݐ௝) = Pr(ܶ = ݐ௝|ܶ ≥ ݐ௝)                                  ሺ͵.͵ሻ 
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        The non-parametric estimator of the hazard function expresses the ratio of the number 
of country-products that discontinue in trade relationship to the number of country-products 
at survival in a given period tj.  
ĥ(ݐ௝) = ௝݊݀௝                                                                   ሺ͵.Ͷሻ 
        The primary objective of survival analysis is to estimate whether country-products 
survive or not, it could conclude that higher hazard rate leads to smaller survival rate for 
trade relationships and vice versa. Then there is a particular relationship between the hazard 
and survival functions.  
Ŝ(t୨) = ∏ (ͳ − ĥሺt୨ሻ)୲ౠ≤୲                                         ሺ͵.ͷሻ 
        Based on semi-parametric Cox proportional hazards model17. The hazard rate for the 
ith country-product data in this chapter is given as  hሺt|x୧ሻ = h଴ሺtሻℯβ୶౟                                                    ሺ͵.͸ሻ 
where x denotes covariates of specific variables for country-products data, and the 
coefficients β are estimated in the regression. Hazard rate function is equal to the product of 
the baseline hazard and covariance function. The baseline hazard rate function, h0(t), is 
initial hazard rate if all covariates are zero. In addition, h0(t) is non-parametric and left un-
estimated, based on any shape that would not affect estimated results. The specific 
covariates, x, including some variables from gravity model as well as other specific 
variables to control relations at the product level.  
                                                 
17 The Cox proportional hazards model is a popular technique employed in survival analysis. Given that 
the distribution of hazard is uncertain, the advantage of the Cox model is that there are no necessary 
assumptions for hazard functions. 
  60 
        The hazard ratio is smaller than one and more likely to cause the change of a variable 
goes to opposite direction relative to the hazard rate, and vice versa. In other words, a 
positive impact is for the connection of trade relationship if the hazard ratio is smaller than 
one and vice versa. A rate equals to one, indicating specific variables have no impact on the 
duration of trade relationships.  
3.5 Empirical results  
3.5.1    Survival rates 
In this section, if trade relationships are active in September 2008 (and/or 1 month before 
and after), survival rates are examined in production networks for region dimension. We are 
interested in the duration of trade relationships during the crisis period; therefore, we are to 
investigate first the survival probability of the samples for all spells, including the still 
active and not in January 2009 and later samples for only active in January 2009. Both 
estimates are reported in Table 3.2 and corresponding survival/hazard curves are shown in 
Figure 3.4.  
            
        First, the survival rates of the samples for still active in January 2009 are higher than 
those of the samples for all spells in any specifications, excluding the trade relationships 
Table 3.2. The comparison of Kaplan-Meier Estimator for survival rates 
Survival Rate  East Asia EU North America Type     1st 5th 9th 12th      1st 5th 9th 12th   1st 5th 9th 12th 
All spells Total   0.70 0.35 0.31 0.30    0.62 0.26 0.21 0.20 0.78 0.46 0.41 0.40 
 P&C   0.76 0.43 0.39 0.38    0.65 0.30 0.25 0.23 0.82 0.52 0.47 0.46 
 Final   0.64 0.27 0.23 0.21    0.58 0.21 0.16 0.15 0.73 0.38 0.33 0.32 
Active in Jan. 2009 Total   0.88 0.61 0.54 0.51    0.82 0.50 0.41 0.38 0.89 0.64 0.58 0.56 
 P&C   0.90 0.66 0.59 0.57    0.84  0.54 0.46 0.42 0.90 0.68 0.61 0.60 
 Final   0.84 0.54 0.45 0.42    0.79 0.45 0.35 0.31 0.89 0.59 0.52 0.49 
Notes: Author’s calculation. 
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which are not active in January 2009. This result indicates that even though a negative 
shock possibly came from the crisis, the survival rates for having still survived in January 
2009 presents a high level relative to the other groups.  
        Second, in the case of the region category, total products trade, parts and components, 
and final products trade are shown to have a higher survival rate in North America. This 
result implies that North America has a strong link of trade relationship with Taiwan, 
particularly the United States.18  However, East Asia accounts for a large proportion of 
Taiwan’s exports and exporting destinations (see Figure 3.1 and Table 3.1), and also shows 
a high survival rate, implying a more important trading partner. This result explains the 
importance of intra-regional trade, as well as the contribution of regional integration. Third, 
in terms of product category, parts and components trade is clearly longer-lived than final 
products trade in all region groups. These pieces of evidence indicate that trading through 
parts and components trade can enhance the stability of trade relationships in exports, even 
considering the impact by the crisis.  
        The shapes of survival curves for product performance in regional trade look similar, as 
well as the shapes of hazard curves, which were reported in Figure 3.4. Also, the differences 
in survival and hazard functions between parts and components and final products in the 
regional dimension show statistically significant results by using the log-rank test. For 
survival and hazard function, the shapes of both curves are downward but with a decreasing 
slope for the former one and with a steep slope for the latter one. In particular, the gap of 
survival/hazard curves between P&C North_America and P&C East_Asia is gradually 
                                                 
18 Wang, Powers, and Wei (2009) indicate that the United States increased its deeply integrated link of 
value chains in production networks via other Asian countries. 
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narrowing/widening for the samples that have still survived in January 2009. These changes 
are reflected based on the results of Kaplan–Meier estimates.  
Fig. 3.4. Survival and hazard curves for different samples in regional dimension  
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        Table 3.3 shows the average and median (in months) of survival time in distinct 
specifications. It is obvious that the average survival time of the trade with East Asia is 
longer relative to that of other trading regions in any specifications, except for North 
America; nevertheless, the difference is getting narrow if comparing ‘All spells’ and 
‘Survived in Jan. 2009’. Moreover, long-lived duration of trade is presented for the samples 
of ‘Survived in Jan. 2009’. For instance, the mean (median) length of spells for parts and 
components in East Asia is 9.19 (13) months for the samples of ‘Survived in Jan. 2009’ and 
6.71 (5) months for the sample of ‘All spells’. In addition, the parts and components trade, 
in particular, survives longer than the final products.  
 
3.5.2    Sub-sectors and country dimensions  
Next, Figure 3.5 shows that the use of only the samples of active trade relationships in 
January 2009 as the basis to investigate the survival rate by re-estimating the Kaplan–Meier 
estimation for sub-sectors of machinery and country comparison. It is noted that the highest 
survival is presented in China.19  Given that Taiwan has close economic activities with 
China in recent years because of political factors and historical background, trade 
relationships in integration have become more robust. Moreover, Hong Kong, Japan, and 
                                                 
19  In addition, more than 50% of Taiwan’s machinery exports are destined for China (i.e. September 
2009). 
Table 3.3. Length of survival months for regional dimension  
 All spells Active in January 2009 
 Mean Median Mean Median 
 Total P&C Final Total P&C Final Total P&C Final Total P&C Final 
East Asia 5.79 6.71 4.78 4 5 3 8.59 9.19 7.71 13 13 7 
EU 4.64 5.09 4.04 2 3 2 7.29 7.72 6.63 6 7 5 
North America 7.01 7.65 6.21 5 6 5 9.04 9.37 8.56 13 13 12 
Notes: Author’s calculation. 
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the United States are also significant trading partners that maintain the stability of 
production networks.  
        As for the sub-sectors of machinery trade, the electric machinery trade is more stable 
and longer- lived than other sub-sectors except for a negligible difference20 when comparing 
transport equipment and precision machinery in parts and components. We infer that most 
trade relationships in the parts and components of the electric industry still survived. 
Therefore, those products in which have stilled survived. Therefore, the products that have 
still survived in January 2009 are likely to be the important factors that cause the trade 
values recover sharply. In sum, in East Asian countries, parts and components and electric 
machinery are playing a crucial role in the resilience of production networks to slow the 
negative impacts of the crisis.  
Fig. 3.5. Kaplan–Meier estimates of survival rates for country and sub-sectors dimensions 
 
 
                                                 
20 There are significant differences in total trade value of exports between these two industries reflected 
from Figures 3.2 and 3.3, particularly in parts and components. For these reasons, a negligible difference 
of survival rate would not affect overall results that this chapter mentions. 
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3.5.3    The determinants of the duration of trade 
This section employs the Cox proportional hazards model for trade relationships in export at 
the ten-digit product level during the period of the crisis (September 2008 to September 
2009), analyzing which determinants accurately help explain the differences in duration. 
Our sample in this section includes discontinued and continued country-product pairs in 
January 2009. Table 3.4 shows the results of estimates for total machinery products, and 
Table 3.5 presents the estimates for parts and components and final products. All estimated 
coefficients are expressed as hazard ratios, and standard errors are in parentheses.  
        Column (1) in Table 3.4 reports the results of gravity variables. All variables are 
significantly estimated with their expected signs, representing the stability of duration with 
the close distance, high initial value, common official language, and colonial relationship. A 
larger distance between Taiwan and her trading partner increased 5% in hazard rate, and it 
decreased 19.3% in hazard rate if the initial trade value is high. In addition, sharing the 
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common official language 7.8% lower hazard rate and 17.7% lower hazard rate if Taiwan 
and trading partner ever had a colonial relationship. Column (2) includes frequency and the 
dummy of Jan. 2009 into the model. The results show products traded frequently, which are 
likely to maintain trade relationships, around a 29.6 decrease in hazard rate. Also, still active 
trade relationships in January 2009 present a 76.2% lower hazard rate than otherwise. In 
other words, those country-product pairs who still survived in worst month of the global 
crisis have a positive effect on the duration of trade, implying a major foundation for trade 
values in recovery. Next, parts and components and East Asian parts and components show 
15.9 and 7.1% lower hazard rates in columns (3), respectively. Taiwan’s export pattern is 
focused on parts and components trade, and its major destination is in East Asia (See Figure 
3.1). Therefore, it could be expected that these factors lead to positive effects in duration. In 
short, the trade relationships among Asian countries are likely to survive longer. We 
introduce interaction term into column (4) and (5), respectively. Active parts and 
components in January 2009 present 30.3% lower hazard rate and 27.8% lower hazard rate 
for East Asian parts and components, which are survived in January 2009.  
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        As for product dimension, it is reported in Table 3.5, which presents the estimates for 
parts and components in column (1) and (2), and for final products in column (3) and (4). 
The results of the parts and components and final products are statistically significant and fit 
our expectation but different in magnitude by the type of the product. Obashi (2010) 
indicates parts and components are less sensitive to the effect of trading cost. However, 
opposite results are evidenced in Table 3.5, and the results present that parts and 
components trade is more sensitive and can be broken off due to larger distances. Indeed, 
this result seems to be understood based on the different objects. We use Taiwan as an 
empirical target and its major trading partners in the world, unlike in Obashi’s (2010) paper, 
Table 3.4. The determinants of trade relationships: total machinery 
September 2008-September 2009 
 (1) (2) (3) (4) (5) 
Frequency  0.704*** 0.714*** 0.706*** 0.711*** 
  (0.008) (0.008) (0.008) (0.008) 
Jan. 2009  0.238*** 0.244*** 0.293*** 0.257*** 
  (0.005) (0.005) (0.007) (0.006) 
P&C   0.841***   
   (0.017)   
East Asia P&C   0.929***   
   (0.027)   
P&C*Jan. 2009    0.697***  
    (0.017)  
East Asia P&C*Jan. 2009     0.722*** 
     (0.023) 
Distance  1.050*** 1.099*** 1.082*** 1.101*** 1.054*** 
  (0.012) (0.013) (0.015) (0.013) (0.013) 
Initial value  0.807*** 0.867*** 0.862*** 0.866*** 0.867*** 
  (0.003) (0.003) (0.003) (0.003) (0.003) 
Language  0.922*** 0.824*** 0.828*** 0.825*** 0.827*** 
  (0.023) (0.021) (0.021) (0.021) (0.021) 
Colony  0.823*** 0.813*** 0.823*** 0.817*** 0.837*** 
  (0.035) (0.035) (0.036) (0.035) (0.036) 
Type Total machinery 
Number of Observations   22387   22387   22387   22387   22387 
Number of failures   16568   16568   16568   16568   16568 
Time at risk   114489   114489   114489   114489   114489 
Log likelihood  -157125.4  -153508.4  -153422.1  -153400.6  -146171.8 
Notes: ***indicates that the results are statistically significant at the 1 percent level, ** at the 5 percent level, 
and * at the 10 percent. Standard errors are in parentheses. All explanatory variables are in natural logs, except 
for dummy variables. 
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focus on East Asia and intra-East Asian machinery trade. In other words, our sample is more 
extensive and covers three regions (East Asia, EU, and North America). In particular, 
Taiwan’s parts and components trade is centralized in East Asia, which reflects that parts 
and components could survive longer in regional trade. Moreover, sharing a common 
official language for parts and components presents a smaller decrease in the hazard rate 
than in the final products. As for initial trade value and colonial relationships, the decrease 
in the hazard rate for parts and components are higher. Shifting attention to frequency and 
the dummy of Jan. 2009, the magnitude of decrease in the hazard rates for parts and 
components and that for final products present opposite results. Final products traded 
frequently express lower hazard rate than parts and components, but nevertheless, the 
difference is only 1.8%. As for the survival probability of trade relationships for active parts 
and components in January 2009 that show a high effect, there is a greater decrease in the 
hazard rate compared with that for final products at 6%.  
Table 3.5. The determinants of trade relationships: parts and components and final products 
September 2008-September 2009 
      (1) (2) (3) (4) 
Frequency  0.722***    0.704*** 
  (0.013)    (0.010) 
Jan. 2009  0.217***    0.277*** 
  (0.006)    (0.008) 
Distance 1.090*** 1.121*** 1.026* 1.083*** 
 (0.018) (0.018) (0.016) (0.017) 
Initial value 0.780*** 0.848*** 0.828*** 0.882*** 
 (0.004) (0.004) (0.004) (0.005) 
Language 0.936* 0.829*** 0.905*** 0.828*** 
 (0.035) (0.031) (0.032) (0.029) 
Colony 0.784*** 
(0.050) 
0.779*** 
(0.050) 
0.868*** 
(0.051) 
0.855*** 
(0.050) 
Type P&C Final 
Number of Observations    12179    12179      10208      10208 
Number of failures    8328    8328       8240       8240 
Time at risk    69661    69661      44828      44828 
Log likelihood  -73759.7    -71936.2     -71585.0    -69982.9 
Notes: ***indicates that the results are statistically significant at the 1 percent level, ** at the 5 percent level, 
and * at the 10 percent. Standard errors are in parentheses. All explanatory variables are in natural logs, except 
for dummy variables. 
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3.5.4    Robustness check  
In this sub-section, we re-estimate the Cox proportional hazards estimates, using the same 
covariates to investigate whether the determinants that explain the differences in duration 
are robust and whether there is a robust difference between the parts and components and 
final products. We select three essential factors as the major samples for a robustness check: 
the sample active in January 2009, electric machinery, and only East Asian countries.  
        For still active country-product pairs in January 2009, the frequency, dummy of parts 
and components and dummy of East Asian parts and components show a lower hazard rate 
when not active samples are excluded. In this sample, parts and components have a 30.1% 
lower hazard rate. Also, frequently traded country-product pairs decrease the hazard rate by 
45.5%. In particular, parts and components exported to East Asian countries have a 30.2% 
lower hazard rate, implying a positive effect with duration. The electric industry (HS 85) is 
the most active sub-sectors of machinery trade exports. Although the coefficient of distance 
becomes weakly significant and insignificant in column (4) and (5), respectively, the 
expected sign still shifted to the right. In addition, two trends are noticeable; first, the 
coefficient of January 2009 dummy exhibits the lowest hazard rate compared to other 
specification. This result demonstrates the importance of active electric machinery in 
January 2009. Second, not only the intra-regional parts and components of the electric 
industry but also the interaction term with January 2009 dummy are statistically significant. 
The final specification is limited to our samples from East Asia only. Again, the parts and 
components have a 20% lower hazard rate than final products, and the hazard rate of active 
parts and components in January 2009 decrease by 33.1%. In other words, the probability of 
the survival for parts and components is more affected by the active trade relationships in 
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January 2009, implying that the differences by product type and by survival in January 2009 
are robust (Table 3.6).  
 
3.6 Implication  
According to estimated results of survival analysis, using Kaplan–Meier estimator and Cox 
proportion hazards model, some interesting pieces of evidence are detected. First, parts and 
components are evidenced to survive longer than final products, implying a crucial role in 
international production networks, as well as in East Asia. Also, the results in Cox model 
reflect the corresponding estimated results, indicating that parts and components represent a 
significantly positive effect with duration. Even after considering regional effects, trade with 
Table 3.6. Robustness check 
 September 2008-September 2009 
 (1) (2) (3) (4) (5) (6) (7) 
Frequency  0.545*** 0.541*** 0.722*** 0.725*** 0.674*** 0.668*** 
  (0.011) (0.011) (0.015) (0.014) (0.010) (0.010) 
Jan. 2009    0.205*** 0.216*** 0.230*** 0.277*** 
    (0.008) (0.008) (0.008) (0.011) 
P&C  0.699***  0.929** 0.935*** 0.800***  
  (0.017)  (0.031) (0.026) (0.019)  
East Asia P&C   0.698*** 0.919*    
   (0.025) (0.045)    
P&C*Jan. 2009       0.669*** 
       (0.025) 
East Asia P&C*Jan. 2009      0.787***   
      (0.042)   
Distance 1.107*** 1.156*** 1.032 1.046* 1.034 1.169*** 1.173*** 
  (0.020) (0.021) (0.021) (0.026) (0.022) (0.030) (0.030) 
Initial value 0.795*** 0.804*** 0.808*** 0.876*** 0.877*** 0.873*** 0.878*** 
 (0.004) (0.004) (0.004) (0.005) (0.005) (0.005) (0.005) 
Language 0.911** 0.833*** 0.834*** 0.821*** 0.824*** 0.831*** 0.828*** 
 (0.037) (0.034) (0.034) (0.037) (0.037) (0.021) (0.021) 
Colony 0.870** 0.766*** 0.779*** 0.824*** 0.838*** 0.815*** 0.813*** 
 (0.054) (0.048) (0.049) (0.061) (0.062) (0.036) (0.035) 
Type Active in January 2009 HS 85 East Asia 
Number of Observations   12613   12613   12613   8279   8279   10463   10463 
Number of failures   6809   6809   6809   5968   5968   7349   7349 
Time at risk   96358   96358   96358   44853   44853   57470   57470 
Log likelihood  -61369.3  -60878.8  -60932.4  -49195.3  -49186.6  -62241.0  -62224.8 
Notes: ***indicates that the results are statistically significant at the 1 percent level, ** at the 5 percent level, 
and * at the 10 percent. Standard errors are in parentheses. All explanatory variables are in natural logs, except 
for dummy variables. 
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East Asian parts and components also represent a positive effect on the connection of trade 
relationships. These results provide the basis for Taiwan’s machinery industry because parts 
and components account for a large proportion of exports, particularly in East Asia (See 
Figure 3.1). Second, the survival rates for the samples of active trade relationships in 
January 2009 show that China has the highest rank in country dimensions. Given the 
constant economic cooperation with China in recent years, this result is to be expected. USA, 
Japan, and Hong Kong have the second rank with high survival rates. Countries that rank 
third in survival rates are Germany, Vietnam, Thailand, Malaysia, Korea, UK, Netherlands, 
France, and Singapore. Therefore, it is feasible to disperse the risk in the trade. Third, our 
empirical results indicate that the parts and components of electric machinery are positively 
associated with the duration of the trade. Also, the samples of active East Asian parts and 
components of electric machinery present positive effects in duration. The evidence 
provides essential influence in helping to recover trade values.  
        Taiwan is certainly a significant player in international networks. Through trade with 
East Asia in the parts and components, exports are likely to prosper. Given the regional 
integration in East Asia, these evidence benefits Taiwan by allowing it to participate in 
international production networks to maintain the stability of its trade relationships.  
3.7 Conclusion  
This chapter employs detailed export data at the HS ten-digit level to investing how the 
international production networks mitigate the effect of the financial crisis, based on a 
survival analysis of the Kaplan–Meier estimator and Cox proportional hazard model. A 
series of estimated results supports that the samples of active trade relationships in January 
2009 are positively significant with the duration of the trade. Even though these trade 
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relationships are shocked by the crisis; they still have high survival rates. In particular, most 
trade values are embodied in these continued trade relationships in parts and components. 
Through intra-regional production networks in East Asia, they are active again sharply, to 
be crucial drivers in the recovery of trade values after the crisis. Also, we find that products 
traded frequently lead to a positive relationship with duration. In addition, the samples of 
active East Asian parts and components of electric machinery in January 2009 decreased the 
hazard rate by 21.3%, implying the stability of trade relationships. Although our evidence 
provides that Taiwan has high survival rates with East Asian trading partners, the issue of a 
tariff is unavoidable, which possibly affects the export performance (Florensa et al. 2015). 
In particular, Taiwan is not active in regional trade organizations. Therefore, a higher tariff 
relative to other East Asian countries is expected. Nowadays, more countries participate in 
economic activities and group regional organizations, with new inter-national production 
networks in intra-region. How to avoid trade marginalization and dependence on foreign 
trade to a single country is worth studying for further research.  
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CHAPTER IV 
 
Impact of tariff rates on the probability of trade relationship 
survival: evidence from ASEAN+6 manufactured goods 
 
 
This chapter explores the links between imported trade relationships, their duration, and 
tariff rates. We use survival analysis to investigate how the probability of trade relationship 
survival is affected by the difference in the tariff rates. We use the ASEAN+6 as the basis of 
our report and consider a total of 89 trading partners for manufactured goods from 1996 to 
2011. Our findings are as follows. First, low-tariff trade survives longer than high-tariff 
trade on manufactured goods. Second, we find a significantly negative correlation between 
tariff rates and duration, and regional trade agreements help prolong the length of trade 
relationships. Third, the hazard ratios of intra-regional differentiated goods and the parts and 
components trade are lower. We have also obtained robust results for distinct specifications 
through consideration of production networks and Rauch’s product classification. Finally, 
we believe that these findings could be used as a reference for other economic organizations 
working toward the diminution of tariff rates. 
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4.1 Introduction 
When survival analysis was first applied in international trade (Besedeš and Prusa 2006a,b), 
many studies concentrated on the issue of trade relationships by examining the probability 
of survival throughout the duration of trading partner relationships. Without question, the 
survival of trade relationships depends on whether nonzero trade values exist in country-
product pairs. Besedeš (2008) indicates that higher initial export values are associated with 
positive trade relationship durations. Moreover, intensive margins significantly affect export 
growth and further expand the duration of trade relationships (Besedeš and Prusa 2011; 
Helpman et al. 2008; Felbermayr and Kohler 2006). 
        Other essential factors may affect trade value volume and directly impact costs. For 
example, sunk costs significantly affect firm performance in terms of entry costs and the 
probability of exports (Roberts and Tybout 1997; Bernard and Jensen 1999; Impullittia et al. 
2013), as trade costs fall relative to the increase in trade value (Bridgman 2013; Novy 
2013). As previously mentioned, those studies do not directly explore the impact of costs on 
the probability of trade relationship survival; in particular, they do not consider impact as 
defined in survival analysis.    
        Besedeš and Prusa (2006b) employ survival analysis to investigate the duration of trade 
relationships for US import based on product differentiation. They find homogeneous goods 
have higher hazard rate than differentiated products by using Rauch’s product classification. 
They also note that higher tariff rates accompany lower hazards for the duration of trade 
relationships because incumbent firms face less competition. In other words, these 
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researchers demonstrate the significant positive relationship between tariff rates and trade 
relationship duration21.  
        Tariff rates could be seen as a transaction cost; they serve as an effective protection 
tool for domestic firms22. However, gains from trade are mostly related to the reduction of 
trade cost (e.g., tariff reductions). The aforementioned economic concept originates from 
trade elasticities, which are crucial in the quantitative analysis of the impact of tariff rates on 
trade. Even the magnitudes of trade elasticities have been considerably inconsistent in the 
trade literature (Caliendo and Parro 2015; Hummels 2001; Broda and Weinstein 2006; 
Romalis 2007; Simonovska and Waugh 2014). We link this economic concept between 
tariff liberalization and trade relationship. Specifically, the impact of exogenous variation in 
trade costs on the duration is explored in this article. Suppose that tariff liberalization drives 
the growth of trade with longer trade relationships, then the tariff barrier may inversely lead 
to the exit of the trade relationship due to higher trade costs. Goldberg et al. (2010) indicate 
that new products should be introduced by domestic firms at an average lower input tariff of 
31%. Several discussions on tariff changes in exported or imported volumes (Hayakawa 
2013; Amiti and Konings 2007; Debaere and Mostashari 2010) and the reduction of tariffs 
in production networks (Hayakawa 2014; Florensa et al., 2015) are studied. Yet in practice, 
we still lack reliable estimates of the effect of tariff liberalization on trade relationships, and 
this article attempts to fill this gap. 
                                                 
21 Besedeš and Prusa (2006b) indicate that tariffs have two different impacts on the duration of trade 
relationships, depending on the time-series or cross-sectional variations in tariffs. The time-series 
variation in tariffs may cause foreign firms to exit the trade relationship because of an increase in costs 
induced by higher tariffs, implying that higher tariffs raise the hazard. The cross-sectional variation in 
tariffs leads to higher tariffs lowering the hazard because higher tariffs imply less competition for 
incumbent firms. The result of Besedeš and Prusa (2006b) indicate that higher tariffs lower the hazard 
because the effect of cross-sectional variation in tariffs is dominated in their empirical statistic. 
22 The imposed tariff rate provides relative cheaper domestic goods for consumer as well as protection 
for domestic firm against foreign competition. 
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        We propose that firms may exit the trade if the tariff rates are too high to afford. It is 
intuitive that high tariffs lead to reduced trade values and, correspondingly, negative 
correlations with trade values. Therefore, tariff rates presumably have a negative 
relationship with the duration of trade relationships instead of the positive correlations 
evidenced in previous studies. Debaere and Mostashari (2010) investigate the probability of 
exporting to the United States by using a probit model and demonstrate that tariff reduction 
leads to the increase of nonzero country–product pairs23. Therefore, we hypothesized that 
trade relationships with low tariff rates are more likely to survive. Moreover, we 
consider the fact that once a trade relationship is formed or products are traded, each 
country's products correspond to different tariff rates, and these change over time. In other 
words, tariff rates are distinct according to the type of product and to the trading partner. For 
example, a variety of tariff rates are possible for parts and components, differentiated goods, 
reference-priced goods, or homogeneous goods. Similarly, international trade agreements 
and regional integration also generate differences in tariff rates.  
        With the development of multilateral trade negotiation, regional economic integration 
has become increasingly important. In its evolution, the ASEAN increased from ten initial 
member nations to the ASEAN+3, and then further expanded to the ASEAN+6. Currently, 
the ASEAN+6 is one of the largest economies in the world and is characterized by extensive 
scale, influential economic strength and an abundant population. The basic aim of regional 
trade agreements (RTAs) is to promote the liberalization of intra-regional trade through 
tariff diminution. Changes in tariff rates are likely to shock the stability of trade 
                                                 
23 Trade relationship in this article is also defined as a nonzero country-product pair; therefore, the 
findings of Debaere and Mostashari (2010) indirectly help our expectation that suggests exporters are 
more likely to export and promote the increase of trade relationships because of tariff-reduced 
transaction, service, and import costs. 
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relationships with upstream and downstream trading partners and could cause a collapse in 
international production networks. In particular, international production networks in East 
Asia have played a significant transactional role in intra-regional trade (Athukorala 2011). 
In other words, the correlation between regional trade and tariff rates is very important to 
consider.  
        We set the ASEAN+6 as the focal economy and 89 countries24 as its trading partners. 
Our samples included intra-regional and inter-regional trade from 1996 to 2011. The chapter 
followed two steps. First, tariff rates were included to investigate the impact of tariffs on the 
probability of trade relationship survival based on a Kaplan–Meier estimation, principally 
for imports and later applied to types of products ignored by previous studies (i.e., 
production networks and Rauch’s product classification).25 For this analysis, we employed 
Hayakawa’s (2013) data management strategy to tariff rates and further expanded the 
decomposition of the tariffs into high and low tariff rates. Second, we used the Cox 
proportional hazards model to re-investigate the correlation between tariff rates and the 
duration of trade relationships. We also verified whether low tariff rates induce lower hazard 
ratios as compared to high tariff rates. We also provide different specifications for a 
robustness check. 
                                                 
24 The trading partners are divided into nine regions: the ASEAN+6, Eastern Europe, Western Europe, 
the Middle East, North America, Central America, South America, Africa and other Asian countries. For 
more detail, see Appendix A. 
25 Besedeš and Prusa (2006b) only present a positive correlation between tariff rates and the duration of 
trade relationships, but do not discuss the impact of a tariff by the type of product nor do they mention 
production networks. In addition, we expected that tariff rates and the duration of trade relationships have 
a negative correlation, but the results were different. Obashi (2010, 2011), Ando and Kimura (2012), 
Okubo et al., (2014), and Lin (2016) only indicate that parts and components are longer-lived than final 
products. Nevertheless, they do not explore the impact of tariff rates on survival rates, nor the 
relationships between tariff rates and the duration of trade relationships in production networks. 
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4.2 The management of the database  
In this section, we explain how we construct the tariff rates database. We manage the tariff 
data by following the strategy of Hayakawa (2013). First, the database is obtained from 
World Integrated Trade Solution (WITS) based on the Trade Analysis and Information 
System (TRAINS) database, which, to avoid complicating the tariff schemes, consists only 
of ad valorem rather than non-ad valorem tariff rates. Second, even though multiple tariff 
schemes are available, the lowest tariff is selected from among importers, exporters, 
products and years. For example, if one exporter applied different rates and preferential 
tariffs for specific products in particular years, the lower tariff duty type will be chosen.26 
Third, we address missing tariff rate data, as some cases report the import value but not the 
tariff rates. To solve this problem, we replace the missing year with the nearest previous 
year for which tariff schemes are available. 27  Fourth, we observed four types of HS 
classification in our samples: HS1992, HS1996, HS2002, and HS2007. We employ a 
conversion table to convert all versions of HS classification to HS1992.28 Thus, we obtain 
the six-digit product level tariff data with the HS1992 classification.29 
        Survival analysis as employed in international trade studies refers to trade over a single 
period of consecutive years ending in exit (Nitsch 2009; Besedeš and Blyde 2010). To insert 
tariff rates into the survival analysis, tariff data are matched with trade data, which are 
                                                 
26 Hayakawa (2013) assumes that all firms always chose the lowest rates, but some firms may use higher 
tariff rates due to higher fixed costs for preferential tariff rates (Demidova and Krishna 2008). 
27 When Cambodia is the reporting country, we use the tariff rates for the nearest subsequent year 
between 1996 and 2000 due to data availability from WITS. 
28  Our analysis period is from 1996 to 2011 due to the availability of the conversion table. HS 
classification is transformed again to HS2012 after 2012; however, the related conversion table to 
HS1992 in the official version is not confirmed. 
29 In this article, we use import tariff to analyze the imported trade relationship from major trading 
partners to ASEAN+6 countries, rather than export tariff, because export tariff is generally used in a 
specific situation (i.e., widespread inflation). In addition, WITS does not provide a related database. 
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obtained from the United Nations Commodity Trade Statistics Database (UNcomtrade) at 
the six-digit product level. In other words, each traded product corresponds to a specific 
tariff rate at each destination and for each particular year. Because survival analysis is a 
method of analyzing data from a specific time until the event of interest (time-to-event 
data), we insert the tariff rate while the event occurred.  After inserting the tariff rate, we use 
the median of these averages to decompose tariff rates into high and low. If a product’s 
average tariff rate is higher than the median tariff rate, that product is defined as a high-tariff 
product; if the average rate is lower than the median, it is a low-tariff product. In sum, we 
completed the survival analysis of tariff rates through a series of data management 
calculations.        
        The basic concept of survival analysis is to measure the length of trade relationships 
with trading partners. The literature refers to the duration of a trade relationship as a “spell.” 
UN Comtrade publicly provides import values expressed as thousands of US dollars for a 
wide range of countries at the 6-digit product level. In our samples, the analysis period is 
from 1996 to 2011, implying that the number of years is 17 with 16 intervals. We treat 
missing trade as zero, implying that no trade relationship exists between two countries for a 
particular product; thus, we can track the survival period for each country–product pair 
during our analysis period. For example, if Japan imports a particular good from a given 
country for 6 consecutive years during 1996–2001, this is defined as one spell with a length 
of 6 years (trade relationship duration is 6).30 However, trade may restart in the importing 
                                                 
30 Our data consist of complete and censored data. The former indicate that a failure event is observed 
during the analysis period, but not observed for the later data. The two types of censored data are left and 
right censored. For simplicity, we set the dummy of a failure event equal to zero, while no failure event 
appears in the right censored data. The implication for left censored data is that the spell begins before 
the period under observation, so that the length of the observed spell is shorter than the true length of the 
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market after a disruption in the trade relationship. For example, a particular product is 
imported from 1996 to 2000 and then discontinued until being imported again from 2008 to 
2011. This country–product pair has two spells in total, namely the first spell, with a length 
of 5 consecutive years (trade relationship duration is 5), and the second spell, with 4 
consecutive years (trade relationship duration is 4). 
        Initially, our sample covers 1,743,771 country-product pairs; however approximately 
two-thirds of them are multiple spells (at least two or above).31 After merging with gravity 
variables and Rauch’s product classification, we observe 2,471,697 total independent spells 
for manufactured goods.32 In addition to tariff variable, we include some variables that 
represent factors affecting the duration of trade relationship potentially. Values for distance, 
language, colony, RTA, and gross domestic product per capita of exporter (GDP per capita 
of exporter) are obtained from the Centre d’Etudes Prospectives et d’Informations 
Internationales (CEPII) database. The CEPII covers the harmonized data of gravity variables 
for each country pair that matches with our analysis period.  
        We include tariffs, product type dummy variables,33 country fixed effects,34 and other 
explanatory variables based on the gravity literature. We expect that tariffs are barriers to 
the duration of trade relationships, as well as the bilateral capital city of distance, which 
                                                                                                                                                      
spell. Although censored data may underestimate the real duration of trade relationship, they could not be 
dropped in the data because they still provide meaningful information. 
31 The multiple spells are viewed as independent spells (Besedeš and Prusa 2006a, b). 
32 After data cleaning, we observe that the samples include 438,586 country–product pairs for non-
manufactured goods. We also test the comparison between manufactured and non-manufactured goods 
by using the effect of a tariff cut, inspecting manufactured goods with low tariff rates that survive longer 
relative to other specifications; these results are not reported. 
33  We include conservative and liberal definitions of Rauch’s classification in the analysis of 
manufactured goods and parts and components dummy in the discussion of international production 
networks. 
34 Note that our tariff data are shown under product line at the six-digit level between the reporting 
country and the trading partners; this level includes product characteristics of, as well the effect of the 
importer-exporter relationship. 
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refers to the proxy for trade costs. The dummy variable takes unity if two countries have had 
a colonial relationship, have a common language spoken by at least 9% of the population, or 
have signed RTAs, suggesting a positive correlation with duration of trade relationship; 
otherwise, the dummy variable takes zero. Per capita income is expected to be higher for 
import trade relationships, and country fixed effects are used to control for unobserved 
differences across countries. The variables used are logarithmic, 35  except for dummy 
variables. 
4.3 Kaplan–Meier estimation 
The first step of this section investigates the survival rate for the imported trade 
relationships between ASEAN+6 economies and trading partners, highlighting the impact of 
tariff rates on intra-regional and inter-regional trade, by employing the Kaplan–Meier 
estimation. The second step of this section applies survival analysis using the Cox 
proportional hazard model to examine whether the covariates of product-specific and 
country-specific characteristics cause differences in the duration of trade. 
4.3.1    Inclusion of tariff rates on the manufactured goods 
Table 4.1 reports the survival probability of trade relationships for intra-regional and inter-
regional manufactured goods without considering the effects of tariff rates. The results show 
that the import trade relationships of the ASEAN+6 for manufactured goods survive longer 
in intra-regional trade compared to those in other regions (except North America). Other 
regions, such as Western Europe and other Asian countries, are also significant trading 
partners/regions in imports. There is no doubt that these four regions are major sources of 
manufactured good exports and effectively support trade relationship stability. 
                                                 
35 The log of the tariff is presented as ln (1+Tariff). See Hayakawa (2013) and Florensa et al. (2015). 
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        Considering that tariff rates may affect the duration of trade relationships, the inclusion 
of the tariff effect is presented in Table 4.2. Overall, we find that there are more country-
product pairs with high-tariff products than with low-tariff products. We thus evidence the 
difference in duration after including the tariff effect.36 Trade relationships with low tariffs 
are longer-lived relative to those with high tariffs. In other words, country-product trade 
relationships with high tariffs have a high probability of being broken off. In the case of the 
ASEAN+6 in intra-regional trade, the probability of survival, without considering the tariff 
effect, is approximately 58.19% in the first year and only 19.10% in the fifteenth year. 
        However, after dividing country-product pairs into high and low tariffs, the survival 
probability for low-tariff trade relationships rises to 60.52% in the first year and 23.26% in 
the fifteenth year. In comparison, trade relationships with high tariffs exhibit 
54.60% survival probability in the first year and only 12.87% in the fifteenth year. Through 
                                                 
36 To compare the differences in survival rates for distinct types of products, we use the log-rank test to 
verify whether significant differences exist; our tests are statistically significant and robust. 
Table 4.1. Estimated survival rates on manufactured goods  
 K-M survival rate 
  N 1st year 4th year 8th year 11th year 15th year 
ASEAN+6 806 569 0.5819 0.3225 0.2349 0.2119 0.1910 
East Europe 150 749 0.4240 0.1769 0.1154 0.0978 0.0795 
West Europe 
North America 
887 573 
142 528 
0.5468 
0.6367 
0.2837 
0.3896 
0.1919 
0.2849 
0.1687 
0.2580 
0.1438 
0.2257 
Central America 
South America 
Middle East 
Africa 
Other Asia 
 48 232 
 75 522 
 83 255 
 52 516 
224 753 
0.4175 
0.3917 
0.3696 
0.4117 
0.5785 
0.1777 
0.1384 
0.1318 
0.1497 
0.2821 
0.1207 
0.0802 
0.0779 
0.0891 
0.1861 
0.1033 
0.0639 
0.0643 
0.0708 
0.1505 
0.0900 
0.0496 
0.0521 
0.0556 
0.1325 
Total 2 471 697 0.5427 0.2819 0.1959 0.1726 0.1509 
Notes: Manufactured goods refer to imported products of HS28 to HS 92 at the six-digit level. See 
Appendix A for regional classification. This is the result for all spells specifications (for multiple 
spells). 
Source: Author’s calculation. 
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the tariff's effect on the duration of trade relationships, we obtain encouraging evidence that 
low tariffs are likely to significantly improve the durability of trade relationships. 
 
4.3.2    International production networks  
As previously mentioned, our survival analysis of international production networks has 
verified that parts and components37 are longer-lived than final products in terms of the 
                                                 
37 Parts and components of machinery products of parts and components, as well as final products, are 
defined according to Ando and Kimura (2005). 
Table 4.2. Estimated survival rates on manufactured goods: inclusion of tariff rates   
 K-M survival rate 
 N 1st year 4th year 8th year 11th year 15th year 
High Tariffs 
ASEAN+6 
East Europe 
West Europe 
North America 
Central America 
South America 
Middle East 
Africa 
Other Asia 
317 420 
 77 105 
410 130 
 62 664 
 22 411 
 34 818 
 42 472 
 24 280 
108 527 
0.5460 
0.4117 
0.5226 
0.6081 
0.3608 
0.3462 
0.3414 
0.3651 
0.5558 
0.2727 
0.1590 
0.2456 
0.3360 
0.1170 
0.0970 
0.0993 
0.1027 
0.2349 
0.1701 
0.0979 
0.1452 
0.2124 
0.0653 
0.0440 
0.0473 
0.0436 
0.1396 
0.1505 
0.0818 
0.1267 
0.1901 
0.0509 
0.0321 
0.0378 
0.0304 
0.1089 
0.1287 
0.0621 
0.1028 
0.1607 
0.0398 
0.0224 
0.0277 
0.0196 
0.0915 
Total  1 099 827 0.5103 0.2357 0.1419 0.1228 0.1020 
Low Tariffs 
ASEAN+6 
East Europe 
West Europe 
North America 
Central America 
489 149 
 73 644 
477 443 
 79 864 
 25 821 
0.6052 
0.4368 
0.5677 
0.6591 
0.4668 
0.3555 
0.1962 
0.3171 
0.4325 
0.2309 
0.2785 
0.1343 
0.2333 
0.3438 
0.1686 
0.2533 
0.1149 
0.1928 
0.3132 
0.1482 
0.2326 
0.0969 
0.1796 
0.2783 
0.1319 
South America 
Middle East 
Africa 
Other Asia 
 40 704 
 40 783 
 28 236 
116 226 
0.4307 
0.3989 
0.4518 
0.5996 
0.1753 
0.1667 
0.1908 
0.3273 
0.1131 
0.1110 
0.1279 
0.2312 
0.0928 
0.0929 
0.1047 
0.1912 
0.0742 
0.0777 
0.0846 
0.1726 
Total 1 371 870 0.5687 0.3196 0.2406 0.2139 0.1911 
Notes: Manufactured goods refer to imported products of HS28 to HS 92 at the six-digit 
level. See Appendix A for regional classification. High and low tariffs are determined by 
using the median of tariff rates based on World Integrated Trade System data. This is the 
result for all spells specifications (for multiple spells). 
Source: Author’s calculation. 
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duration of trade relationships (Obashi 2010, 2011; Ando and Kimura 2012; Okubo et al., 
2014; Lin 2016). However, we must note that even parts and components include high- and 
low-tariff products as well as final products. Therefore, it is reasonable to distinguish the 
tariff’s impact on the probability of survival within international production networks, as 
presented in Table 4.3. We find that parts and components still display a higher survival rate 
than do final products at the same tariff levels. Parts and components with low tariffs 
survive longer than those with high tariffs, as do final products with low tariffs compared to 
those with high tariffs. In particular, final products with low tariffs show a higher survival 
rate at the fifteen-year mark relative to parts and components with high tariffs. These results 
are evidenced by a noticeable difference in the survival rates between products with distinct 
and those with similar attributes over time. 
        The aim of regional integration in the ASEAN+6 is to eliminate the tariff barrier and 
enhance the free flow of trade. Table 4.4 explains the differences in survival probability for 
inter-regional and intra-regional trade relationships in ASEAN+6 production networks. 
Overall, intra-regional trade relationships show a higher survival rate in terms of parts and 
components, and final products compared to corresponding specifications in inter-regional 
trade. Parts and components with low tariffs in regional trade exhibit the highest survival 
rate, 35.86%, in the fifteenth year. 
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Table 4.3. Estimated survival rates in machinery: inclusion of tariff rates 
  K-M survival rate 
  N 1st year 4th year 8th year 11th year 15th year 
All    High 395 827 0.5319 0.2671 0.1824 0.1611 0.1273 
 Low 408 401 0.5715 0.3368 0.2633 0.2360 0.2151 
 Total 804 228 0.5520 0.3025 0.2234 0.1991 0.1720 
        
P&C High 167 086 0.5708 0.3180 0.2233 0.2023 0.1664 
 Low 166 826 0.6105 0.3932 0.3194 0.2940 0.2703 
 Total 333 912 0.5906 0.3555 0.2713 0.2481 0.2187 
        
FP High 228 741 0.5035 0.2297 0.1522 0.1307 0.0986 
 Low 241 575 0.5446 0.2977 0.2242 0.1954 0.1763 
 Total 470 316 0.5246 0.2646 0.1892 0.1639 0.1385 
Notes: All refers to imported products of HS84 to HS92 at the six-digit level in machinery. 
P&C and FP refer to parts and component products and final products, respectively, at the 
six-digit level in machinery. High and low tariffs are determined by using the median of 
tariff rates based on World Integrated Trade System data. This is the result for all spells 
specifications (for multiple spells). 
Source: Author’s calculation. 
Table 4.4. Estimated survival rates in machinery: inter- and intra-ASEAN+6 
  K-M survival rate 
  N 1st year 4th year 8th year 11th year 15th year 
Within ASEAN+6 
P&C High   44 067 0.6110 0.3524 0.2379 0.2169 0.1774 
 Low   48 636 0.6751 0.4769 0.4090 0.3844 0.3586 
 Total   92 703 0.6446 0.4174 0.3273 0.3047 0.2735 
FP High   70 417 0.5293 0.2483 0.1623 0.1405 0.1074 
 Low   82 363 0.5870 0.3428 0.2709 0.2414 0.2219 
 Total 152 780 0.5604 0.2989 0.2205 0.1947 0.1692 
        
Outside ASEAN+6 
P&C High  123 019 0.5565 0.3054 0.2181 0.1971 0.1625 
 Low  118 190 0.5839 0.3585 0.2821 0.2564 0.2335 
 Total  241 209 0.5699 0.3315 0.2495 0.2261 0.1974 
FP High  158 324 0.4920 0.2212 0.1476 0.1263 0.0948 
 Low  159 212 0.5226 0.2745 0.2002 0.1719 0.1534 
 Total  317 536 0.5074 0.2480 0.1740 0.1493 0.1243 
Notes: All refers to imported products of HS84 to HS92 at the six-digit level in machinery. 
P&C and FP refer to parts and component products and final products, respectively, at the 
six-digit level in machinery. High and low tariffs are determined by using the median of 
tariff rates based on World Integrated Trade System data. See Appendix A for regional 
classification. This is the result for all spells specifications (for multiple spells). 
Source: Author’s calculation. 
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4.3.3    Rauch’s product classification  
This section complements the inference applied in Rauch’s product classification with 
conservative and liberal definitions that tariffs diminish the probability of survival38; this 
was ignored by Besedeš and Prusa (2006b). The overall results are consistent with their 
findings: differentiated goods survive longer than reference-priced and homogeneous goods 
in both definitions. However, further evidence confirms that low tariff rates are likely to 
                                                 
38 Homogeneous goods, reference-priced goods and differentiated goods are defined by Rauch’s product 
classification of manufactured goods. 
Table 4.5. Estimated survival rates for Rauch’s product classification by tariff rates 
                 K-M survival rate 
    N 1st year 4th year 8th year 11th year 15th year 
Conservative definition         
Homogeneous goods High 15 005 0.4487 0.1571 0.0716 0.0538 0.0398 
 Low  41 772 0.5085 0.2483 0.1636 0.1365 0.1065 
 Total 56 777 0.4927 0.2234 0.1377 0.1129 0.0874 
Reference priced goods High   208 226 0.5069 0.2176 0.1128 0.0946 0.0825 
 Low   356 912 0.5576 0.2976 0.2084 0.1777 0.1480 
 Total   565 138 0.5389 0.2674 0.1714 0.1455 0.1222 
Differentiated products  High   876 596 0.5122 0.2415 0.1506 0.1313 0.1080 
 Low   973 186 0.5754 0.3307 0.2557 0.2304 0.2105 
 Total 1 849 782 0.5454 0.2881 0.2053 0.1829 0.1619 
        
Liberal definition         
Homogeneous goods High    21 815 0.4558 0.1672 0.0752 0.0595 0.0469 
 Low    68 137 0.5090 0.2456 0.1609 0.1349 0.1047 
 Total    89 952 0.4961 0.2259 0.1387 0.1152 0.0897 
Reference priced goods High   241 224 0.5120 0.2246 0.1182 0.1003 0.0872 
 Low   392 097 0.5672 0.3107 0.2228 0.1922 0.1624 
 Total   633 321 0.5462 0.2772 0.1812 0.1556 0.1325 
Differentiated products  High   836 788 0.5113 0.2409 0.1511 0.1315 0.1080 
 Low   911 636 0.5738 0.3290 0.2542 0.2291 0.2096 
 Total  1 748 424 0.5439 0.2865 0.2043 0.1819 0.1609 
Notes: Homogeneous goods, referenced priced goods, and differentiated products are 
defined by Rauch’s product classification. High and low tariffs are determined by using the 
median of tariff rates based on World Integrated Trade System data. This is the result for all 
spells specifications (for multiple spells). 
Source: Author’s calculation. 
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lead to continued trade relationships for all products for all types of products in both 
definitions. In particular, reference-priced goods with low tariffs present a higher survival 
rate compared to differentiated goods with high tariffs, verifying the significance of the 
tariff rate differential in both definitions. Nevertheless, differentiated goods with low tariffs 
hold a higher probability of survival at any point in time (Table 4.5). 
        Figure 4.1 graphs survival functions for manufactured goods, production networks and 
Rauch’s product classification based on tariff differences and regional trade. Overall, the 
survival curve is displayed as a decreasing zigzag pattern with a negative slope. Survival 
rates decrease as time increases. All specifications show that low-tariff trade has a higher 
survival rate than high-tariff trade. With respect to manufactured goods, the gap in survival 
rates between low and high-tariff goods displays its greatest difference around the eighth 
year and does not increase afterwards. As for the regional trade of manufactured goods, the 
ASEAN+6 shows a relatively higher survival rate than other regions except for North 
America, which possesses close economic trade relationships with East Asia. Nevertheless, 
the gap in the survival rate between the ASEAN+6 and North America decreases over time. 
Regarding production networks in intra- and inter-ASEAN+6 economies, the low-tariff 
intra-regional trade in parts and components exhibits higher survival rates than that of other 
groups, particularly as the gap in the survival rate grows over time. Because previous 
studies have shown that parts and components have a higher probability of survival than 
final products, we further demonstrate that tariff cuts have an important effect on the 
difference in survival rates, even for parts and components with high tariffs. The last 
survival function graphed is based on Rauch's product classification and again clearly 
identifies the effect of a tariff cut: for example, the low-tariff trade of reference-priced 
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goods survives longer than the high-tariff trade of differentiated goods, but the low-tariff 
trade of differentiated goods achieves the highest survival rate. 
Fig. 4.1.  Survival functions for the type of the products 
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Note: This is the result for all spells specifications (for multiple spells). 
Source: Author’s calculation. 
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4.4 Cox proportional hazard model 
Table 4.6 employs the Cox proportional hazard model to explain how the duration of trade 
relationships is influenced by the related covariates. The results reported are for all observed 
spells (multiple spells). Column (1) provides crucial explanatory variables, namely, tariff 
rates, influencing the duration. Columns (2) and (3) report the results based on gravity 
covariates and differentiated goods dummies with conservative and liberal definitions. The 
interaction terms of intra-regional effects and differentiated goods dummies with 
Table 4.6. Cox proportional hazard estimates: manufactured goods 
 (1)  (2)  (3)  (4)  (5) 
Tariffs 1.113****  1.027***  1.026*** 1.023***  1.022*** 
 (0.001)  (0.001)  (0.001)  (0.001)  (0.001) 
Distance   1.117***  1.116*** 1.115***  1.114*** 
   (0.002)  (0.002)  (0.002)  (0.002) 
Language   0.981***  0.982*** 0.982***  0.982*** 
   (0.003)  (0.003)  (0.003)  (0.003) 
Colony   0.930***  0.931*** 0.931***  0.931*** 
   (0.005)  (0.005)  (0.005)  (0.005) 
RTA   0.738***  0.738*** 0.739***  0.739*** 
   (0.002)  (0.002)  (0.002)  (0.002) 
GDP per capita of exporter    0.320***  0.320*** 0.318***  0.318*** 
   (0.001)  (0.001)  (0.001)  (0.001) 
Conservative    0.889***       
   (0.001)       
Liberal      0.916***    
     (0.001)     
Intra-regional trade* Conservative       0.894***   
       (0.003)   
Intra-regional trade* Liberal          0.919*** 
         (0.003) 
Number of observations 2 471 697  2 471 697  2 471 697 2 471 697  2 471 697 
Number of failures 1 948 414  1 948 414  1 948 414 1 948 414  1 948 414 
Time at risk 8 826 165  8 826 165  8 826 165 8 826 165  8 826 165 
Log likelihood -27 668 926  -27 474 429  -27 475 369 -27 476 121  -27 476 411 
Notes: ***indicates that the results are statistically significant at the 1 percent level, ** at the 5 
percent level, and * at the 10 percent, respectively. This is the result for all spells specifications (for 
multiple spells). Country fixed effects are controlled. The dependent variable is the hazard of a 
trade relationship. All explanatory variables are in natural logs, except for dummy variables. 
Tariffs= ln (1+Tariff). Standard errors are in parentheses.  
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conservative and liberal definitions are presented in Columns (3) and (4). Exporter and 
importer fixed effects are included in all regressions, but to save space, those coefficient 
estimates are not reported. All estimated coefficients are expressed as hazard ratios, and 
standard errors are shown in parentheses. 
        Column (1) introduces the tariff rates39 and supports our previous hypothesis that tariff 
rates are connected to a negative impact on the duration of trade relationships. This finding 
is not consistent with the results of previous studies. We provide some possible reasons. 
Firstly, our sample covers the analysis period of 1996-2011, which is the active period of 
trade liberalization. In particular, our sample period covers the WTO accession for East 
Asian countries and the reduction of tariff costs is clear during this period, except for Lao 
PDR that joined WTO in 2013. Unlike the sample of Besedeš and Prusa (2006b), their 
tariffs data are collected at the seven-digit Tariff Schedule of the United States, and they 
corresponded with trade relationships, which are defined using the four-digit Standard 
International Trade Classification industry level from 1972 to 1988, which is before WTO 
accession for the United States. Secondly, our trade relationships are defined using the HS 
six-digit product level, and we consider the comparison between intra- and inter-regional 
trade because trade policies are associated with trade growth (Deardorff and Stern 1986; 
Frankel and Romer 1999; Harrison and Hanson 1999; Rodriguez and Rodrik 2001; 
Anderson and Wincoop 2003; Rose 2004). The effects of MFN and PRF explain tariff 
changes significantly. Unlike the industry tariff used in Besedes and Prusa (2006b), we use 
                                                 
39 In this chapter, we use time-to-event data to investigate the exogenous shock of tariff rates on the 
hazard of a trade relationship by employing survival analysis. Although there is a possibility of reverse 
causality, the data do not reveal enough information to avoid reverse causality (i.e., using 1-year lag) 
based on the cross-sectional data. Regarding other models testing reverse causality, they are beyond the 
scope of this chapter.  
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a product tariff to increase the likelihood of identifying the impact of the tariff rate on 
duration for HS 6-digit products. Consequently, a reduction of tariff rates is conducive to 
enhancing the duration of trade relationships. 
        All gravity covariates are statistically significant and included in Columns (2) and (3) 
according to the expected signs. That means common language, colonial background and 
exporters’ GDP per capita are negatively correlated with hazards, indicating the positive 
effect of the duration of trade relationships. In addition, distance has a significantly negative 
impact on the duration of trade relationships. In other words, the less the distance between 
the exporter and importer, the more likely they are to maintain their trade relationship; 
conversely, a greater distance is likely to disrupt the trade relationship. Although the 
magnitude of tariffs is slightly decreased, they still have a significant and negative 
association with the duration of trade relationships. Notably, differentiated goods dummies 
in both conservative and liberal definitions are statistically significant with 11.1% and 8.4% 
lower hazard ratios in Columns (2) and (3), respectively. 
        We find that intra-regional trading of differentiated goods contributes to expanding the 
length of trade relationships, as reported in Columns (4) and (5). In other words, intra-
regional trading of differentiated goods shows an approximately 8.1%–10.6% lower hazard 
ratio. This evidence is completely reflected in the results of the Kaplan–Meier estimates.  
        To examine whether the impact of tariff rates are robust, we re-estimate the same Cox 
proportional hazard model by using four different samples for manufactured goods. 40 The 
                                                 
40  The interaction term between intra-regional trade and the differentiated goods dummy with the 
conservative definition is also considered in all specifications. The results are statistically positive 
significant on the duration of trade relationships, and the difference in magnitude is similar compared 
with the specifications using liberal definitions. To save space, we do not report the results of the 
conservative definition herein.   
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first sample is a modified sample with only the first spells; the second is a sample with 1-
year-gap adjustment; the third is a sample without 1996-origin spells; and the final sample is 
limited to single spells only.  
 
        The hazard ratio of our major interest, tariff rates, is higher than 1, implying that there 
is a positive relationship with the hazard ratios for all the observed spells. Higher (lower) 
tariff rates indicate higher (lower) hazard ratios. Most gravity variables are significantly 
estimated and have the expected signs except that the coefficient for the language dummy is 
insignificant in the parts specification estimated using the sample without 1996-origin 
spells. As mentioned, approximately two-thirds of all observed country–product pairs 
Table 4.7. Robustness check: manufactured goods 
 The first spells 
only  
1-year-gap-
adjusted  
Without 1996-
origin spells  
Single spells 
only 
Tariffs 1.033*** 1.026***  1.019***  1.014*** 
 (0.001)  (0.001)  (0.001)  (0.002) 
Distance 1.127*** 1.157***  1.028***  1.249*** 
 (0.003)  (0.003)  (0.003)  (0.006) 
Language 0.972*** 0.965***  1.001  0.911*** 
 (0.003)  (0.003)  (0.003)  (0.006) 
Colony 0.926*** 0.923***  0.952***  0.894*** 
 (0.006)  (0.006)  (0.005)  (0.012) 
RTA 0.664*** 0.698***  0.778***  0.609*** 
 (0.003)  (0.003)  (0.003)  (0.005) 
GDP per capita of 
exporter 
0.274*** 0.227***  0.350***  0.312*** 
 (0.001)  (0.001)  (0.001)  (0.001) 
Intra-regional trade* 
Liberal  
0.903*** 0.883***  0.943***  0.836*** 
 (0.003)  (0.003)  (0.003)  (0.006) 
Number of observations 1 359 265  1 894 293  2 049 100  651 199 
Number of failures 1 103 292  1 335 854  1 694 224 395 226 
Time at risk 5 817 379  9 483 796  5 198 666  4 097 685 
Log likelihood -14 878 013  -18 402 085  -23 609 772  -5 067 648 
Notes: ***indicates that the results are statistically significant at the 1 percent level, ** at the 5 
percent level, and * at the 10 percent, respectively. Country fixed effects are controlled. The 
dependent variable is the hazard of a trade relationship. All explanatory variables are in natural 
logs, except for dummy variables. Tariffs= ln (1+Tariff). Standard errors are in parentheses. 
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involve multiple spells; samples with single spells only are limited. The results for single 
spells only are determined to be more sensitive to the hazard ratio compared with other 
samples, particularly for dummy variables.  
        Our findings on the estimated effects of the related covariates of manufactured goods 
lead us to wonder whether this experience can be replicated across international production 
networks. This exercise complements the fragmentation literature on the effect of tariff 
rates, particularly as determined using survival analysis. The samples are limited to the 
machinery industry, and Table 4.8 reports the results for all regressed specifications. We 
replace the interaction term between intra-regional trade and the differentiated goods 
dummy with the interaction term between intra-regional trade and the parts and components 
dummy; this is because parts and components and final products are major components in 
machinery production networks, even though all machinery products are differentiated 
goods. 
        Tariff rates are significantly shown to increase (lower) the duration of trade 
relationships as hazard ratios decrease (increase). However, the magnitude of the coefficient 
is smaller compared with that derived for the samples for all manufactured goods. Although 
the coefficient of tariffs for single spells only is less than 1, the result is insignificant. 
Regarding other covariates, most of them are statistically significant with the expected sign, 
except for the language dummy for samples without 1996-origin spells and for the colony 
dummy for samples with single spells only. We find that the effects of RTA are strong, 
compared with the samples for all manufactured goods. The magnitude is economically 
meaningful, with a 28.8% lower hazard ratio for all spells’ samples and a 40.5% lower 
hazard ratio for single spells only. The role of parts and components in machinery 
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production networks is more important relative to the role of differentiated goods in 
manufacturing. Intra-regional trading of parts and components exhibits a 17.2%–33.6% 
lower hazard ratio according to different samples. This evidence is consistent with the 
findings of previous studies claiming that East Asian countries are active in machinery 
production networks, particularly in parts and components trade. 
 
Table 4.8. Estimated results: production networks 
 
All spells  The first spells only  
1-year-gap-
adjusted  
Without 
1996-origin 
spells 
 Single spells only 
Tariffs 1.010***  1.027*** 1.015***  1.009***  0.998 
 (0.001)  (0.002)  (0.002)  (0.002)  (0.003) 
Distance 1.151***  1.174*** 1.202***  1.044***  1.348*** 
 (0.005)  (0.007)  (0.007)  (0.005)  (0.013) 
Language 0.982***  0.970*** 0.957***  1.001  0.907*** 
 (0.005)  (0.006)  (0.006)  (0.005)  (0.010) 
Colony 0.933***  0.940*** 0.920***  0.931***  0.982 
 (0.009)  (0.012)  (0.011)  (0.010)  (0.026) 
RTA 0.712***  0.635*** 0.665***  0.751***  0.595*** 
 (0.004)  (0.005)  (0.005)  (0.005)  (0.008) 
GDP per capita of 
exporter 
0.308***  0.258*** 0.223***  0.353***  0.321*** 
 (0.001)  (0.001)  (0.001)  (0.001)  (0.003) 
Intra-regional trade* 
P&C  
0.766***  0.766*** 0.744***  0.828***  0.664*** 
 (0.004)  (0.005)  (0.005)  (0.004)  (0.008) 
Number of observations         804 228          441 785          613 969          655 492          214 785 
Number of failures         617 901          346 840          415 722          535 158          119 840 
Time at risk 3 068 488  2 072 637 3 270 657  1 694 937  1 531 550 
Log likelihood -8 016 172  -4 280 412 -5 253 782  -6 850 303  -1 396 091 
Notes: ***indicates that the results are statistically significant at the 1 percent level, ** at the 5 
percent level, and * at the 10 percent, respectively. Country fixed effects are controlled. The 
dependent variable is the hazard of a trade relationship. All explanatory variables are in natural 
logs, except for dummy variables. Tariffs= ln (1+Tariff). Standard errors are in parentheses. 
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4.5 Policy implication 
In this section, we explain the influence of inactive and potential trading partners and its 
implications for future integrated economic organizations. Appendix B presents the survival 
rates of exporters while facing low and high tariffs in the initial and final years. The member 
nations of the ASEAN+6, such as Cambodia, Lao PDR, Myanmar and Brunei, show 
relatively low survival rates41 in intra-regional trade. Their trade relationships are not active 
compared to those of other member nations of the ASEAN+6, even though the probability 
of survival increases slightly due to low-tariff trade. On the contrary, some Asian countries 
are not member nations of the ASEAN+6 that exhibit high trade survival rates that are 
above the ASEAN+6 average, such as Hong Kong and Taiwan. If they participate in the 
regional trade agreement and consequently face lower tariffs, the overall survival rate of 
trade relationships within this larger group is likely to become more closely integrated. The 
United States also shows a high survival rate in its trade relationships with the ASEAN+6; 
this relationship could be viewed as an integrated global production network (Wang et al., 
2009; Ando and Kimura 2013). In particular, low-tariff induced trade relationships are more 
likely to survive. This finding can be applied to the upcoming trade treatment of integrated 
trade relationships between the United States and Asian countries, such as the Trans-Pacific 
Partnership (TPP), which is aimed at the complete diminution of tariff rates 
4.6 Conclusion 
In this chapter, we employ the ASEAN+6 to investigate the probability of survival for 
                                                 
41The probabilities of survival of Cambodia, Lao PDR, Myanmar and Brunei are respectively 0.4007, 
0.3582, 0.3718, and 0.3163 in the first year, and 0.0826, 0.0516, 0.0397, 0.0081 in the fifteenth year 
under a low-tariff level. Under high-tariff trade, the probabilities are 0.3384, 0.3363, 0.3390, and 0.2155 
in the first year, and 0.0000, 0.0107, 0.0268, 0.0000 in the fifteenth year. 
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import trade relationships in intra-regional and inter-regional trade by introducing the 
impact of tariff rates, a subject ignored by previous studies. We obtain a series of significant 
evidence using the Kaplan–Meier estimator and applying the Cox proportional hazard 
model. First, we find that low-tariff trade is likely to be longer-lived than high-tariff trade on 
manufactured goods and holds true when considering production networks and Rauch’s 
product classification. Second, we find a significantly negative correlation between trade 
relationship duration and tariff rates. This means that the reduction of tariff rates contributes 
to prolonging the length of trade relationships. In particular, intra-regional trading of 
differentiated goods shows a lower hazard ratio. This evidence provides support for regional 
economic integration. Third, our results are robust even when we use different samples on 
manufactured goods and when we re-estimate the same Cox model in any cases of the 
machinery industry. Intra-regional parts and components trade plays a more crucial role in 
East Asian machinery production networks. We believe these findings could serve as a 
useful reference for other economic organizations, such as the TPP, that aim at the 
diminution of tariff rates. However, the magnitude of reduction is worthy of further 
investigation.
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Appendix A. Major trading partners 
Region Country    
ASEAN+6 Thailand Philippines Malaysia China   
 Myanmar Cambodia Indonesia    India   
 Lao PDR Singapore    Japan Australia 
 Brunei Vietnam Korea, Rep. New Zealand 
West Europe Austria Denmark Greece Netherlands 
 Belgium  Spain Ireland Norway 
 Switzerland  Finland  Iceland Portugal 
 Cyprus  France Italy Sweden  
 Germany  United Kingdom Luxembourg Turkey 
 Andorra    
East Europe Bulgaria Czech Republic Estonia Croatia 
 Hungary Lithuania Latvia Macedonia, FYR 
 Poland Romania Serbia, FR Slovak Republic 
 Slovenia Ukraine   
Middle East Iran Iraq Israel Jordan 
 Kuwait Pakistan Saudi Arabia Syrian Arab Republic 
 Afghanistan    
North America Canada United States   
Central America Nicaragua Panama Costa Rica Cuba 
Guatemala Honduras Mexico  El Salvador 
 Belize    
South America Argentina  Brazil Chile Colombia 
 Peru Paraguay Uruguay  Venezuela 
 Bolivia    
Africa Egypt Morocco South Africa  
Other Asia Hong Kong Macao Russian Federation Taiwan 
 Nepal Bangladesh      
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Appendix B. Estimated survival rates for low and high tariff in the first and fifteenth year by 
exporters 
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CHAPTER V 
 
Tariff evasion in machinery production networks: evidence from 
East Asia† 
 
We estimate the effects of tariff rates on bilateral tariff evasion in international production 
networks, namely parts and components and final products, focusing on intra-regional trade 
in East Asia during 1996–2011. Our results reveal that tariff evasion is prevalent in 7 of the 
12 East Asian countries studied, particularly in non-high-income importers. Specifically, the 
tariff evasion of parts and components increases by 1.10%–1.55% compared with that of 
final products (0.55%–0.96%), with a one-percentage-point increase in the tariff rate. 
Moreover, the responsiveness of the unit price gap to the tariff level is greater for parts and 
components than for final products. Finally, we investigate the nonlinear issue and tariff 
evasion of the misclassification of imported products and obtain robust results. Our findings 
provide relevant economic implications for policy makers regarding the severity of tariff 
evasion because machinery production networks are crucial factors driving intra-regional 
trade in East Asia. 
 
 
                                                 
† The revised version of this chapter is forthcoming in Economic Modelling. 
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5.1 Introduction  
Many international trade researchers have emphasized the severe consequences of illicit 
trade, including violence, competition distortion, and tariff revenue loss. Corruption, which 
is an indicator of institutional quality, has been proven to severely undermine economic 
exchanges in bilateral trade flow. Corruption is particularly widespread among customs 
officials, which has caused enormous losses in revenue and has increased incidences of 
smuggling and resulted in the illicit flow of goods through bribery, extortion, and evasion. 
In particular, import tariffs are considered a key source of revenue for many developing and 
transition countries, so policy makers have scrutinized the evasion behavior of customs 
officials. 
        Although the precise quantification of tariff evasion is difficult, recent studies have 
used discrepancies in official trade statistics to identify correlations with tariff or tax rates. 
Fisman and Wei (2004) propose that missing import typically occurs in customs during 
international trade and is known as the evasion gap.42 The evasion gap, which is defined by 
the log difference between the trade value of exports recorded by the exporting country 
authority and the trade value of imports recorded by the importing country authority. They 
investigate the association between tax schedules and the evasion gap and report that 
missing import is positively correlated with the tax rate. Fisman and Wei (2004) develop a 
methodology that has been extensively used in many studies43 to investigate tax (tariff) 
                                                 
42 Gorodnichenko et al. (2009) use household data from 1998 to 2004 for investigating income tax 
reform on consumption, income, and tax evasion. The consumption-income gap is defined as a log 
difference between consumption and income. 
43 The issues of tax and tariff evasion are studied in many cases, such as Germany and 10 Eastern 
European countries (Javorcik and Narciso, 2008), India (Mishra et al., 2008), Mozambique (Dunem and 
Arndt, 2009), Kenya and Tanzania (Levin and Widell, 2014), Austria (Berger et al., 2016), China and 
Hong Kong (Fisman et al., 2008), China (Rotunno and Venzina, 2012), America and China (Ferrantino et 
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evasion. These studies report that the evasion gap is positively correlated with tax and tariff 
rates.  
        In this chapter, we estimate the relationship between the tariff rate and evasion gap by 
applying the methodology outlined by Fisman and Wei (2004) to East Asian international 
production and distribution networks, namely machinery parts and components and final 
goods.44 Regarding the literature on evasion and corruption, most studies focus on non-East 
Asian countries. Although some studies focus on East Asia, they investigate neither the 
robustness of Asian fragmentation nor intra-regional trade in East Asia. Furthermore, 
although a series of empirical studies report the relevance of Asian fragmentation, the 
literature on production networks in East Asia does not investigate the robustness of 
production networks against tariff evasion or corruption. 45  Therefore, according to our 
review of the relevant literature, this is the first chapter to link two strands of the trade 
literature by investigating the impact of tariff evasion on international production and 
distribution networks.  
        East Asia is a reasonable case for researching tariff evasion on production networks for 
three reasons. First, intra-regional production networks in East Asia involve numerous 
                                                                                                                                                      
al., 2012), South Africa (Sequeira 2016), and 15 countries which joined the WTO (Javorcik and Narciso, 
2017). 
44  East Asian countries in this chapter are defined as Japan, China, Korea, Singapore, Malaysia, 
Thailand, Brunei, Lao PDR, Cambodia, Vietnam, Myanmar, Indonesia, and the Philippines (i.e., the 
ASEAN + 3). However, the Lao PDR sample is excluded because of data limitation. 
45 Jones et al. (2005), Athukorala and Yamashita (2006) Ando and Kimura, (2013), and Obashi and 
Kimura (2017) mainly emphasize that parts and components are crucial factors in the formation of 
production networks. Hayakawa (2014), Florensa et al. (2015), and Lin (2015) have investigated the 
effect of tariff rates on production networks and have indicated that the reduction of tariffs would not 
only increase trade flow but also strengthen the trade relationship closely. 
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countries, but with different income levels.46 The distinct performance of tariff evasion 
stratified by the income level in East Asia is worth investigating. Second, machinery 
production networks are a multinational activity47  in East Asia. A larger proportion of 
missing trade in imports might cause a marked decrease in the networking of production 
chains, resulting trade activities might be hampered because production networks in East 
Asia are a multinational, intra-regional activity, and an input–output relationship exists for 
parts and components and final products. Third, the tariff evasion performance of parts and 
components and final products may vary. In recent decades, intra-regional trade in East Asia 
has been driven by the machinery industry.48 The problem of parts and components versus 
final products is a growing concern in international production network research. Moreover, 
unlike a restricted sample in previous studies, we extend our investigation to regional 
groups, examining trade relationships between multiple countries, namely the bilateral 
evasion gap in East Asia.   
        Machinery production networks in East Asia have rapidly developed in recent years, 
reflected in the marked growth in the export and import of parts and components and final 
products. Because machinery production is the most important industry in East Asian 
manufacturing49 , great losses in tariff revenue can be expected while tariff evasion is 
                                                 
46 Athukorala (2011) indicate that East Asia is the most striking example of international production and 
distribution networks because of more extensive and wider trade and a magnitude of production 
unmatched elsewhere in the world. 
47 For example, an intermediate good may be traded from one country to another and subsequently traded 
to a third country or more. By contrast, an intermediate good may be traded to another country and 
assembled with other intermediate goods into finished goods and then transacted. 
48 Kimura and Obashi (2010) identify parts and components and final products in the most disaggregated 
HS product classification system in the machinery industry (HS84-HS92), comprising general machinery 
(HS 84), electric machinery (HS 85), transport equipment (HS 86-89), and precision machinery (HS 90-
92). 
49 Kimura and Obashi (2010) investigate the importance of the machinery industry in East Asia and 
determine that the proportion of machinery in the total trade of manufactured goods in terms of exports 
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prevalent, particularly for less economically developed countries that depend on import 
tariffs as a major source of revenue. In addition to tariff revenue loss, widespread tariff 
evasion can damage a country’s image so that becoming an attractive location for foreign 
direct investment (i.e., outsourcing and offshoring) is difficult. Anderson and Marcouiller 
(2002) note that corruption markedly reduces international trade and identify high taxes and 
corruption as the first and second largest obstacles in conducting business, as reported by 
the World Bank in 1996. Moreover, the prevalence of corruption from customs may harm 
international trade and lead to smaller trade flows in import (Thede and Gustafson, 2012).  
        The formation of vertical production chains and international production and 
distribution networks is attributed to fragmentation theory, which suggests splitting a 
previously integrated production process into two or more production process steps so that 
the components or fragments are undertaken in different locations but result in the same 
final product. Therefore, we consider that the tariff evasion that emerges from production 
networks causes a misrepresentation of import prices, and the quantity of imported products 
are subsequently undercounted. This makes assessing the accurate price and producing 
sufficient parts and components and final products difficult for meeting the demand 
necessary for the products that are correctly imported. This phenomenon can cause a 
production chain to collapse.  
        To quantify the effect of tariff rates on the evasion gap in international production 
networks, we will focus on four issues. Firstly, we develop a model in accordance with the 
model of Fisman and Wei (2004) and examine whether the tariff rate is positively correlated 
with the evasion gap. Secondly, we introduce the interaction term between the dummy of 
                                                                                                                                                      
and imports, which can be regarded as the extent of participation in international production networks, 
increases over time. 
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parts and components and tariff rates, in which the product is classified as a product of parts 
and components, following Kimura and Obashi’s (2010) definition50. This methodology 
identifies the type of products, which are subject to greater evasion for parts and 
components and final products. Trade authorities may encounter difficulties when judging 
whether the prices of parts and components are correctly reported compared with the final 
goods. Furthermore, parts and components are often traded within a multinational. 
Therefore, we expect that trading parts and components is more likely to occur for tariff 
evasion. Thirdly, we analyze other methods of tariff evasion, namely undercounting the 
quantity of imported products and misrepresenting the price of imported products. Finally, 
we provide other potential specifications that clarify whether differences exist in the 
magnitude of the coefficient on the tariff rate, which would imply that tariff evasion is more 
severe in that specification. 
        The chapter is organized as follows: Section 2 provides how and why tariff evasion 
happens. Section 3 reports the two crucial data sources required to majorly construct our 
sample. Section 4 briefly shows the distribution of tariff rates and bilateral evasion gap in 
production networks. Section 5 explains the model specification and application of this 
estimation in different methods of tariff evasion as well as in different types of products. 
Section 6 and 7 present the estimated results and policy implication, respectively. Section 8 
is the study conclusion. 
                                                 
50 To quantify the extent of the international fragmentation of production, several data sources of trade 
statistics are commonly used in the literature, such as the Standard International Trade Classification, 
Broad Economic Categories, Main Industrial Grouping, HS product classification, and Input–Output 
tables. We use the definition of Kimura and Obashi (2010) at the HS six-digit product level because of 
the available detailed product classification and long analysis period, as well as because it enables 
comparisons between different types of products and across multiple countries.  
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5.2 Tariff evasion — how and why it happens 
Bhagwati (1964) conducts seminal work on tariff evasion and indicate that the reported 
discrepancies51 could be explained by tariff evasion and other possible reasons, implying 
that missing imports reported in a country might have been smuggled, misreported, and 
underinvoiced. Moreover, Bhagwati (1964) notes that understating import values and 
underinvoicing can be profitable if the tariff rate or premium on the imported commodity 
exceeds the premium to be paid for exchanging transactions in the black market. Various 
avenues facilitate tax and tariff evasion. Fake invoices and double invoicing might reduce 
the value of imported commodities. Mwinyimvua (1996) indicates that underinvoicing, 
smuggling, tax exemptions, complicated tax schedules, excessive documentation, and 
corruption are major avenues for tax and tariff evasion. However, the presence of 
understatement is determined by risk controls, it is reasonable to honestly import under 
existing import regulations once high risk attached. Allingham and Sandmo (1972) consider 
the risk factors for tax-payers and argue that low tax evasion is correlated with high rates of 
detection and prosecution.  
        In addition to the aforementioned methods, the product type may affect attempts at tax 
and tariff evasion. Javorcik and Narciso (2008) suggest that differentiated products result in 
more attempts at tariff evasion than homogeneous goods. This is because falsified prices of 
differentiated products are difficult for competent customs officials to detect. Furthermore, 
corrupt customs officials could not clearly explain why invoice-related problems were not 
detected. Mishra et al. (2008) classify products into two groups: basic, intermediate and 
capital products comprise the first group, whereas consumer goods are the second group. 
                                                 
51 Feenstra and Hanson (2000) indicate that these discrepancies could be seen as measurement errors. 
  108 
They determine that tariff evasion is higher for products in the first group but not for those 
in the second group. 
        Sequeira and Djankov (2014) carefully discuss three types of agents involved in the 
clearance process, including customs’ officials, port and border operators, and clearing 
agents, and indicate where the tariff evasion comes from and how the bribery occurs: 
“Customs' officials are in charge of validating clearance documentation and collecting all 
tariff payments due.” Therefore, they have “significant discretionary power to extract bribes 
relative to regular port operators given their broader bureaucratic mandate and the fact that 
they can access full information on each shipment, and each shipper, at all times”. 
Moreover, “customs' officials with a wide set of tools to extract different types of bribes 
from threatening to conduct a physical inspection of the shipment that can delay clearance 
for up to 4 days, citing irregularities (real or fictitious) with the documentation of the 
shipment or selling tariff evasion.” This implies customs officials can allow a firm to evade 
tariffs through three types of channels: “misreporting physical quantities of imported 
products, misrepresenting prices, or misclassifying products from high to low tariff 
categories.” 
5.3 Data   
Two crucial data sources are required to construct our database. The first source is the tariff 
data obtained from World Integrated Trade Solution, which provides different schemes of 
tariffs based on the Trade Analysis and Information System database of the UN conference 
on Trade and Development. We use applied tariffs as major tariffs scheme. These data 
provide detailed tariff information, namely importers, product imports, specific tariff rates, 
exporters and specific year, at the HS six-digit level. When import values are recorded 
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without tariff rates, we substitute the value of the nearest previous year to replace the 
missing year. Our analysis period covers different versions of HS classification such as HS 
1996, HS 2002, and HS 2007. The product code might slightly change depending on the 
specific version of HS classification. To address this problem, we use a conversion table to 
convert all variations and maintain consistency with the HS1992 classification. Following 
the definition of Kimura and Obashi (2010), the machinery parts and components are coded 
according the HS 1992 product classification and are presented in Appendix C. We 
subsequently match the trade and tariff data based on the exports and imports reported by 
the exporting and importing countries, respectively.  
        The second data source is trade data, which are obtained from UN Comtrade at the HS 
six-digit product level. These data represent the trade records and provide the information 
on both exports and imports for each country expressed in thousands of current US dollars. 
Our analysis covers the period from 1996 to 2011 with varied samples across products and 
time depending on the data availability for our East Asia sample countries. The original data 
contain 980,863 samples when we merge the imports data with tariffs and exports data. 
However, a total of 416,394 observations are missing for either imports or exports. Among 
the remaining samples, 214 show zero trade value in exports, 5642 samples, which are 
outlier above 99th percentiles of tariff rates, and 24,071 samples, which are not classified in 
the indicator of imported quantity, are eliminated. Finally, we analyze 534,542 samples, 
which were simultaneously matched for imports and exports. 
5.4 Production networks, tariff rates, and trade gap 
Figure 5.1 shows the distribution of the tariff rates and trade gap in East Asia. The variation 
in the tariff rates in East Asia is low; surprisingly, more than 50% of all machinery products 
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have tariff rates of zero. The trade gap (logarithmic) shows a fairly normally distributed 
shape. However, the trend in the mean and median bilateral trade gap in East Asia is 
positive from 1996 to 2011.  
        Because zero-tariff products account for more than 50% of all machinery products, it is 
interesting to compare whether the bilateral trade gap significantly varies between zero- and 
nonzero-tariff products. This is because zero tariffs mean lower profits; therefore, corrupt 
customs officers might reduce incentives to evade tariffs. Parts and components and final 
products are investigated in the same manner as are all machinery products. 
 
Fig. 5.1. Frequency distribution of tariff rates and bilateral trade gap by HS 6-digit products 
in East Asia  
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        Table 5.1 shows the bilateral trade gap in zero- and nonzero-tariff products. As 
expected, the bilateral trade gap is lower for zero-tariff products than for nonzero-tariff 
products among all machinery products, parts and components, and final products. In 
particular, the bilateral trade gap in zero-tariff products is lower in parts and components 
than in final products. However, the median of parts and components with nonzero tariff has 
a slightly higher bilateral trade gap. The results reveal that the magnitude of the bilateral 
trade gap varies according to the product type and tariff rate levels. 
        We further divide the detailed data on importers52 by East Asian countries in Appendix 
D. Singapore is the only East Asian country in which the tariff rates of all products are zero; 
its bilateral trade gap is negative and low, particularly for parts and components. 
Furthermore, the percentage of zero-tariff products is 99.6% in Japan, which shows a lower 
bilateral trade gap. Malaysia is another country with a large proportion of zero-tariff 
                                                 
52 Importers are major factors in imposed duty. 
  112 
products. The median and mean of the trade gap for zero-tariff products are substantially 
lower than those of non-zero tariff products for all machinery products, parts and 
components, and final products. The bilateral trade gap is the highest in Myanmar, 
Cambodia, Indonesia, and the Philippines. A common feature in these countries, except for 
Indonesia, is the small proportion of zero-tariff products. The percentage of nonzero-tariff 
products is higher than that of zero-tariff products in Brunei, China, Korea, and Thailand. 
However, China and Korea have a low bilateral trade gap because of their stable level of 
governance. Unexpectedly, Lao PDR and Vietnam has a relatively lower bilateral trade gap 
among East Asian countries, particularly in final product trading. 
 
5.5 Empirical strategy and methodology 
In this chapter, we focus on the relationship between the tariff rate and bilateral evasion gap 
in intra-regional trade in East Asia. Although most previous studies have reported a 
significantly positive relationship between them, we examine whether this relationship 
exists in East Asia, particularly in terms of the machinery industry, which plays an 
Table 5.1. Summary statistics of bilateral trade gap by the comparison of zero and non-zero 
tariff products 
Zero tariff products Mean Median SD Min Max N 
All 0.098  0.003  2.446  -16.758  16.982  272,972 
PC 0.041  0.000  2.526  -16.758  15.335  130,783 
Final 0.150  0.021  2.369  -14.916  16.982  142,189 
       
Non-zero tariff products Mean Median SD Min Max N 
All 0.262  0.101  2.344  -18.645  15.583  261,570 
PC 0.254  0.114  2.376  -18.645  15.583  126,510 
Final 0.270  0.091  2.313  -16.796  14.315  135,060 
Notes: SD is standard deviation and N is number of observations. All refers to all machinery 
products, PC refers to parts and components, and Final refers to final products. The bilateral 
trade gap is logarithmic. 
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important role in driving production networks. According to our review of relevant 
literature, this chapter is the first to investigate the impact of the tariff evasion on 
international production and distribution networks.  
        We define the bilateral evasion gap in accordance with the definition established by 
Fisman and Wei (2004)53. The bilateral trade gap is defined as the log difference between 
the value of exports recorded by the exporting country and that of imports recorded by the 
importing country. Briefly, the bilateral evasion gap represents the difference between free 
on board (FOB) export prices and costs, insurance, and freight (CIF). Intuitively, the CIF 
price should be higher than the FOB price. A negative discrepancy in the log difference 
between exports recorded by the exporting country and imports recorded by the importing 
country implies the absence of tariff evasion, whereas a positive discrepancy implies the 
presence of tariff evasion. Our specification is as follows: ݐݎܽ݀݁ ݃ܽ݌௝௜௞௧ = ݈݊ ሺܧݔ݌݋ݎݐ௩�௟௨௘ሻ௜௝௞௧௜,௥௘௖௢௥ௗ − ݈݊ሺ�݉݌݋ݎݐ௩�௟௨௘ሻ௝௜௞௧௝,௥௘௖௢௥ௗ                               (5.1) 
where i is an exporting country, j is an importing country, k is the HS six-digit product, and t 
is the year. The notations i,record and j,record represent exports recorded by an exporting 
country and imports recorded by an importing country, respectively. 
        We subsequently estimate whether any difference exists in the magnitude of tariff 
evasion for parts and components and for final products. Briefly, we are interested in 
determining the types of products more likely to evade tariffs. To do this, we develop a 
                                                 
53 They provide an alternative definition of the trade gap, which aims to solve observations that are 
available for imports and not for exports; however, the results are virtually identical. For more details, see 
Fisman and Wei (2004). 
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simple model for the trade gap as a function of the tariff rate; and interactions between the 
tariff rate and parts and components dummy54. The specification is as follows: ݐݎܽ݀݁ ݃ܽ݌௝௜௞௧ = ߚଵܶܽݎ�݂ ௝݂௜௞௧ + ߚଶܶܽݎ�݂ ௝݂௜௞௧ ∗ �ܥ௞ + ߜ௜௧ +  ߠ௝௧ + ߟ௞ + ߝ௝௜௞௧              (5.2) 
where ݐݎܽ݀݁ ݃ܽ݌௝௜௞௧ represents the log difference between the value of country i’s exports 
of product k to country j at time t, as recorded by the exporting country i, and the value of 
country i’s imports of product k from country j at time t recorded by the importing country j; 
tariffjipt refers to the tariff rate imposed by country j on country i for product k at time t; �ܥ௞ is the parts and components dummy based on the definition of Kimura and Obashi 
(2010); δit and șjt are vectors of fixed effects for the exporting and importing countries with 
year, respectively, used to control for the country’s multilateral resistance terms (Anderson 
and van Wincoop, 2003). Moreover, we include Șk as the fixed effects of HS six-digit 
products to account for time-invariant factors specific to particular products. The expected 
sign of ߚଵis positive, implying the presence of tariff evasion in East Asia. As mentioned 
previously, we expect that parts and components have a higher evasion gap than do final 
products, suggesting that the expected sign of ߚଶ is positive. Appendix E provides summary 
statistics of the evasion measures used in this chapter. 
5.6 Estimation Results 
5.6.1    Trade gap 
This section describes our estimated results for trade gap. First, we include year and 
exporter fixed effects into a simple model to estimate the relationship between tariff rate and 
                                                 
54 Note that the need for a separate parts and components dummy is obviated because we include HS six-
digit product fixed effects. 
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trade gap and regress the specification for individual ASEAN+3 countries. The specification 
is as follows: ݐݎܽ݀݁ ݃ܽ݌௝௜௞௧ = ߚ଴ + ߚଵܶܽݎ�݂ ௝݂௜௞௧ + ߜ௜௧ + ߝ௝௜௞௧                                                                     (5.3) 
        Table 5.2 presents the results on tariff evasion for each of the ASEAN+3 countries 
separately by regressing Eq. (5.3). We expect that ߚଵ is positive and significant if a country 
exists tariff evasion by reporting a lower imported trade value. If tariff evasion is prevalent 
in a country, the magnitude of the coefficient on the tariff rate indicates whether the evasion 
is severe in that particular country. The estimated coefficients on the tariff rate are positive 
and significant in 7 out of the 12 countries. Notably, a one-percentage-point increase in the 
tariff rate is associated with a 3.288% increase in the trade gap in Myanmar; 3.189% 
increase in Cambodia; 2.619% increase in Malaysia; 2.325% increase in China; and 
Table 5.2. Trade gap and tariff rate by individual ASEAN+3 countries 
 Brunei China Indonesia Japan Cambodia Korea 
Tariff 1.242* 2.325*** 1.222*** 0.976 3.189*** -1.440 
 (0.669) (0.490) (0.443) (1.194) (0.511) (1.259) 
Observation 6,352 57,929 60,109    59,913 15,592 50,093 
Adj R-squared 0.031 0.034 0.132 0.030 0.027 0.037 
       
 Singapore Myanmar Malaysia Philippines Thailand Vietnam 
Tariff NA 3.288*** 2.619*** 0.970 -0.086 1.157*** 
 NA (1.309) (0.374) (0.787) (0.363) (0.317) 
Observation  67,750 3,112 66,206    50,718 52,640 44,128 
Adj R-squared         NA   0.067 0.119 0.016  0.075 0.017 
Notes: All regressions include exporter and year fixed effects. Results for the constant term are 
not reported but are included in the regressions. Standard errors, clustered on 6–digit products, 
are listed in parentheses. *Significant at 10%; **significant at 5%; ***significant at 1%. The 
results for Singapore are not reported because the tariff rates of all machinery products are zero. 
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approximately 1.16%-1.24% increase in Brunei, Indonesia, and Vietnam.          
        Myanmar and Cambodia present the two highest estimated coefficients of tariff rates. 
These findings are expected because these countries are heavily dependent on tariff 
revenues. Our results show a lower significance and smaller magnitude on tariff rates 
compared with the results of Javorcik and Narciso (2008), who analyze the trade gap 
between Germany and 10 Eastern European countries. This comparison is economically 
meaningful and we conclude that East Asian countries are likely to have a lower incentive to 
evade tariffs compared with Eastern European countries. One possible reason for this 
phenomenon is attributable to the lower tariff rates of the machinery industry, compared 
with those used by Javorcik and Narciso (2008). 
        Table 5.3 lists the regression results for estimating the underreporting of trade values 
(i.e., the trade gap) and shows the difference in the trade gap between parts and components 
and final products by regressing Eq. (5.2). Columns 1–2 present the first specifications of 
fixed effects that are controlled for: exporter–year, importer–year, and six-digit-product 
fixed effects. Column 3–4 exhibits the second specifications of fixed effects controlling for 
exporter, importer, year, and six-digit-product fixed effects. Finally, columns 5–6 indicate 
the third specification of fixed effects with country-pair, year, and six-digit-product fixed 
effects. The results of the coefficients are yielded by these three specifications. Slight 
differences are observed in the magnitude of the effects. 
        Tariff-induced evasion implies that tariff rates present a positive correlation with the 
bilateral trade gap. Specifically, the β1 estimate is positive and significant for all machinery 
products in columns 1, 3 and 5, suggesting that the bilateral trade gap increases by 0.78%–
1.20% in all specifications of fixed effects if the tariff rate increases by one percentage point. 
  117 
Notably, this magnitude is smaller than that between China and Hong Kong (3%), as 
reported by Fisman and Wei (2004)55. 
        In columns 2, 4, and 6 in Table 5.3, we consider an interaction term, which multiplies 
the slope variable (tariff rates) by a dummy variable (parts and components dummy), testing 
whether differences in trade gap are caused by differences in product. The results reveal that 
the interaction term is positively significant, with a magnitude of 0.49%–0.60% and 
different combinations of fixed effects. This suggests that a one-percentage-point increase in 
the tariff rate is associated with a 0.55%–0.96% increase in tariff evasion in the case of final 
products and a 1.10%–1.55% increase in the case of parts and components (serially in 
Columns 4, 6, and 2). As shown in Appendix F, virtually no differences are observed 
                                                 
55 Our results are lower than that between Germany and 10 Eastern European countries (1%), as reported 
by Javorcik and Narciso (2008); that in Tanzania (2.6%), as reported by Levin and Widell (2014); and 
that in Mozambique (1.38%), as reported by Dunem and Arndt (2009) but higher than that in India 
(0.1%), as reported by Mishra et al. (2008). 
Table 5.3. Missing import of trade values at the product-line level: trade gap 
      (1)   (2)       (3)  (4)       (5)      (6) 
Tariff   1.200*** 0.957*** 0.784*** 0.549*** 0.884*** 0.675*** 
 (0.176) (0.203) (0.146) (0.181) (0.145) (0.181) 
Tariff*PC  0.596***  0.554**  0.491** 
  (0.231)  (0.232)  (0.233) 
Observations 534,542 534,542 534,542 534,542 534,542 534,542 
Adjusted R-squared 0.094 0.094 0.084 0.084 0.097 0.097 
Year FE No     No      Yes     Yes      Yes     Yes 
Exporter FE No No      Yes     Yes       No      No 
Importer FE No No      Yes     Yes       No      No 
Exporter*Year FE Yes Yes       No      No       No      No 
Importer*Year FE Yes Yes       No      No       No      No 
Country–pair FE No No       No      No      Yes     Yes 
6–digit HS product FE Yes Yes      Yes     Yes      Yes     Yes 
Notes: Bilateral trade gap = ln(exports reported by exporting country)kt − ln(imports reported 
by the importing country)kt where k refers to a 6–digit HS product and t for year. Standard 
errors, clustered on 6–digit products, are listed in parentheses. *Significant at 10%; 
**significant at 5%; ***significant at 1%. 
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between parts and components and final products at zero tariff rates. However, with 
increasing tariff rates, the gap between parts and components and final products becomes 
larger because final products are associated with less tariff evasion compared with parts and 
components. Notably, this magnitude is similar to that reported by Javorcik and Narciso 
(2008) for both homogeneous and differentiated products, which they asserted had a 0.4% 
and 1.7% increase in evasion, respectively, when the tariff rate between Germany and 10 
Eastern European Countries increased by one percentage point. This is consistent with our 
expectation that parts and components are more likely to be used for tariff evasion. Parts and 
components are traded frequently within a multinational transaction, and these activities 
provide corrupt officers with more opportunities to engage in tariff evasion. Seeking tariff 
evasion loopholes also occurs in multiple production processes where, for instance, a final 
product may be made using three types of parts and components. Moreover, for trade 
authorities, it is more difficult to detect whether the prices of parts and components are 
being accurately assessed than it is with final products. Our results are consistent with the 
research of Javorcik and Narciso (2008), who provide no evidence that final products are 
more likely to be the subject of tariff evasion than are any other type of good. 
5.6.2    Quantity gap 
In this subsection, we similarly examine other potential methods of tariff evasion: 
undercounting the quantities56. Therefore, we calculate the difference between the quantity 
                                                 
56 We follow the methodology of Fisman and Wei (2004) and Javorcik and Narciso (2008) to investigate 
the quantity gap, and subsequently, the unit value gap. Assume that X = Qx × Px, where X refers to the 
trade values of exports, Qx refers to the quantity of exported products, and Px refers to the unit value of 
exported products reported by the exporting countries. A similar definition is used for imports. Assume 
that M = Qm × Pm, where the imported statistic is reported by the importing country. Subsequently, log 
(X/M) = log (Qx – Qm) + log (Px – Pm), whereas log (X/M) = logX – logM, impliying that trade gap = 
quantity gap + unit value gap. 
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of exports reported by the reporting country and that of imports reported by the importing 
country at the HS six-digit level. Before regressing the model, we only retain the samples of 
the units of products if both imports and exports are consistent. The specifications is as 
follows: 
ݍݑܽ݊ݐ�ݐݕ ݃ܽ݌௝௜௞௧ = ݈݊(ܧݔ݌݋ݎݐ௤௨�௡௧௜௧௬)௜௝௞௧௜,௥௘௖௢௥ௗ − ݈݊(�݉݌݋ݎݐ௤௨�௡௧௜௧௬)௝௜௞௧௝,௥௘௖௢௥ௗ                                         = ߚ଴ + ߚଵܶܽݎ�݂ ௝݂௜௞௧ + ߚଶܶܽݎ�݂ ௝݂௜௞௧ ∗ �ܥ௞ + ߜ௜௧ + ߠ௝௧ + ߟ௞ + ߝ௝௜௞௧ (5.4) 
where quantity gapjikt is the gap quantity for the country j importing product k at time t 
from exporter country i; tariffjikt is the tariff rate imposed by country j on country i for 
product k at time t; export, importer, year, and HS six-digit product fixed effects are also 
controlled. If tariff rate-induced evasion is prevalent, we expect ߚଵ  >0. ߚଶ  is our main 
variable of interest, which facilitates explaining the performance of evasion with respect to 
the tariff rates for parts and component and final products. We expect the estimated 
Table 5.4. Missing import of quantity at the product-line level: quantity gap 
      (1)   (2)       (3)  (4)       (5)      (6) 
Tariff 0.925*** 0.741*** 0.356* 0.161 0.505*** 0.367 
 (0.221) (0.264) (0.187) (0.244) (0.186) (0.240) 
Tariff*PC  0.416  0.423  0.300 
  (0.306)  (0.309)  (0.304) 
Observations 373,672 373,672 373,672 373,672 373,672 373,672 
Adjusted R-squared 0.083 0.083 0.070 0.070 0.087 0.087 
Year FE No     No      Yes     Yes      Yes     Yes 
Exporter FE No No      Yes     Yes       No      No 
Importer FE No No      Yes     Yes       No      No 
Exporter*Year FE Yes Yes       No      No       No      No 
Importer*Year FE Yes Yes       No      No       No      No 
Country–pair FE No No       No      No      Yes     Yes 
6–digit HS product FE Yes Yes      Yes     Yes      Yes     Yes 
Notes: Bilateral quantity gap = ln(quantities reported by exporting country)kt − ln(quantities 
reported by the importing country)kt where k refers to a 6-digit HS product and t for year. 
Standard errors, clustered on 6–digit products, are listed in parentheses. *Significant at 10%; 
**significant at 5%; ***significant at 1%. 
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coefficient ߚଶ to be positive. 
        We examine the difference in the quantity gap presented in East Asia, and the result, as 
reported in Table 5.4, is calculated by regressing Eq. (5.4). This is the discrepancy between 
the quantity of exports reported by the exporting country and that of imports reported by the 
importing country. We observe that the undercounting of the quantities in imports is 
prevalent in Columns 1, 3, and 5. A one percentage point increase in the tariff rate increases 
the bilateral quantity gap by 0.36%–0.93%. After introducing the interaction term, some of 
the coefficients of tariff rates lose their significance and have smaller magnitudes; in 
particular, there is no evidence showing a greater quantity of tariff evasion occurs for parts 
and components, despite the signs of all coefficients being positive.  
             
Table 5.5. The effect of tariff evasion caused by the difference in quantity unit 
 Kilograms Items 
 (1) (2) (3) (4) (5) (6) 
Tariff  0.056 0.146 -0.148 1.374*** 0.716*** 0.891*** 
 (0.665) (0.599) (0.629) (0.289) (0.262) (0.260) 
Tariff*PC 0.592 0.120 0.437 -0.741 -0.787 -0.848 
 (0.649) (0.611) (0.642) (0.533) (0.553) (0.538) 
Observations 179,941 179,941 179,941 193,731 193,731 193,731 
Adjusted R-squared 0.084 0.075 0.092 0.111 0.090 0.115 
Year fixed effect No Yes Yes      No      Yes      Yes 
Exporter FE No Yes No      No      Yes      No 
Importer FE No Yes No      No      Yes      No 
Exporter*Year FE Yes No No      Yes      No       No 
Importer*Year FE Yes No No      Yes      No      No 
Country–pair FE No No Yes      No      No      Yes 
6–digit HS product FE Yes Yes Yes      Yes      Yes      Yes 
Notes: Standard errors, clustered on 6-digit products, are listed in parentheses. *Significant at 
10%; **significant at 5%; ***significant at 1%. 
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        Table 5.5 subsequently shows whether different measurements of the unit of imported 
quantity57  cause tariff evasion. Columns 1, 2, and 3 present the quantity measured in 
kilograms, and columns 3, 4, and 5 present the quantity measured by items. Three 
specifications of fixed effects are controlled for. We determine that the undercounting of the 
quantities of imported products induced by the tariff rate is insignificant for products 
measured in kilograms but significant for those measured by items. The results suggest that 
reporting quantities by items increases the bilateral quantity gap by 0.89%–1.37%.  
        Notably, we demonstrate that parts and components are less likely to be the subjects of 
tariff evasion when the quantity unit measured by items, although the coefficient is not 
significant. After reviewing our sample composition, we identified approximately 90% of 
final products measured by items, compared with only 19% of parts and components 
measured by items. Appendix G lists the summary statistics of groups measured using 
kilograms and items. The bilateral quantity gap is higher for products that are measured 
using items than it is for products measured using kilograms. Our result is consistent with 
that of Rotunno and Vezina (2012), who indicate that underreporting quantities is easier 
when quantities are not measured in kilograms and suggest that the container weight is easy 
to verify for customs agents.  
5.6.3    Unit value gap 
We examine another potential evasion channel, namely price misrepresentation. The unit 
value is based on trade values divided by quantity in both imports and exports. The 
estimated specification is as follows: 
                                                 
57 We exclude the observations whose quantity unit of exports and imports are inconsistent and those 
whose import values are missing, by using the log format.   
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ܷ݊�ݐ ݒ݈ܽݑ݁ ݃ܽ݌௝௜௞௧ = ݈݊ ሺ ௘௫௣௢௥௧ೡ��ೠ�௘௫௣௢௥௧�ೠ��೟೔೟�ሻ௜௝௞௧௜,௥௘௖௢௥ௗ − ݈݊ ሺ ௜௠௣௢௥௧ೡ��ೠ�௜௠௣௢௥௧�ೠ��೟೔೟�ሻ௝௜௞௧௝,௥௘௖௢௥ௗ                     (5.5) 
        Furthermore, the unit value gap is calculated through a method outlined in Eq. (5.5). 
The unit value gap refers to the log difference between the unit value of exports and imports 
reported by the exporting and importing countries, respectively. We then use the same 
covariates, namely tariff rates and the interaction term between the tariff rates and the parts 
and components dummy, to examine the relationship regarding the unit value gap. 
        Table 5.6 presents the results, in which we regress the unit value gap in the tariff rate 
and the interaction term between them. In the presence of evasion, the coefficient signs are 
expected to be positive and significant. The estimated coefficient is positive and statistically 
significant for all machinery products in two specifications (columns 3 and 5). The 
magnitude of the effect suggests that a one percentage point increase in the tariff rate 
increases the unit value gap by 0.36%–0.39%. Although the significance and magnitude of 
Table 5.6.  Measurement errors of unit value at the product-line level: unit value gap 
      (1)   (2)       (3)  (4)       (5)      (6) 
Tariff 0.181 0.014  0.361*** 0.237* 0.387*** 0.244* 
 (0.125) (0.153) (0.107) (0.141) (0.107) (0.142) 
Tariff*PC  0.377**  0.271  0.311* 
  (0.192)  (0.191)  (0.190) 
Observations 373,672 373,672 373,672 373,672 373,672 373,672 
Adjusted R-squared 0.107 0.107 0.079 0.079 0.086 0.086 
Year FE No     No      Yes     Yes      Yes     Yes 
Exporter FE No No      Yes     Yes       No      No 
Importer FE No No      Yes     Yes       No      No 
Exporter*Year FE Yes Yes       No      No       No      No 
Importer*Year FE Yes Yes       No      No       No      No 
Country–pair FE No No       No      No      Yes     Yes 
6–digit HS product FE Yes Yes      Yes     Yes      Yes     Yes 
Notes: Bilateral quantity gap = ln(quantities reported by exporting country)kt − ln(quantities 
reported by the importing country)kt where k refers to a 6-digit HS product and t for year. 
Standard errors, clustered on 6–digit products, are listed in parentheses. *Significant at 10%; 
**significant at 5%; ***significant at 1%. 
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the tariff rate coefficients decrease after the inclusion of the interaction term, we derive 
evidence suggesting that price misrepresentation is significantly correlated with tariff rates 
in the case of parts and components in certain specifications. The magnitude of the effect is 
higher in the case of parts and components, with approximately 0.31%–0.38% increases in 
the bilateral unit value gap when the tariff increases by a one percentage point. In Appendix 
H, we observe that the mean tariff of parts and components is 0.043, compared with that of 
final products at 0.046. This difference is negligible; however, the unit price gap of parts 
and components is approximately twice as high as it is for final products (0.065 versus 
0.035). These findings also strengthen our expectation that the correct price of parts and 
components is more difficult to detect consistently as a result of a trade gap.  
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5.6.4    Flexible functional form 
In the comparison between zero and non-zero tariff products, we already showed that zero-
tariff products have a lower evasion gap than do nonzero-tariff products; this can be seen in 
the summary statistics for the bilateral trade gap (Table 5.1). We subsequently analyze the 
individual effects of a tariff increase on the evasion gap across different tariff rates, focusing 
on nonzero-tariff products. In this case, we divide the total sample into four groups 
according to quartiles, with knots at tariff rates of 5%, 8%, and 10%. Table 5.7 shows that 
the tariff rates in the first, second, and third quartiles have no evidence of evasion in the 
three channels for all machinery products. However, the tariff rates in the fourth quartile are 
significantly used in evasion, with a magnitude of approximately 2.62% for the trade gap 
and 2.52% for the quantity gap, suggesting that a higher tariff rate will induce more tariff 
Table 5.7. Bilateral evasion gap by flexible functional form: All machinery products 
Panel A: Trade gap β1 SD Adj R ଶ N 
Tariff rate in first quartile (1≤ tariff rate ≤5) -0.152 (1.136) 0.118 110,391 
Tariff rate in second quartile (5< tariff rate ≤8) 0.807 (3.260) 0.113 56,772 
Tariff rate in third quartile (8< tariff rate ≤10) 5.568 (5.942) 0.162 28,640 
Tariff rate in fourth quartile (10< tariff rate) 2.619*** (0.381) 0.122 64,767 
     
Panel B: Quantity gap     
Tariff rate in first quartile (1≤ tariff rate ≤5) -1.664 (1.673) 0.107 78,795 
Tariff rate in second quartile (5< tariff rate ≤8) -0.957 (4.488) 0.120 38,249 
Tariff rate in third quartile (8< tariff rate ≤10) 3.390 (7.906) 0.178 21,229 
Tariff rate in fourth quartile (10< tariff rate) 2.522*** (0.492) 0.146 45,603 
     
Panel C: Unit value gap     
Tariff rate in first quartile (1≤ tariff rate ≤5) 1.159 (1.176) 0.133 78,795 
Tariff rate in second quartile (5< tariff rate ≤8) -0.011 (3.119) 0.148 38,249 
Tariff rate in third quartile (8< tariff rate ≤10) -3.222 (5.085) 0.198 21,229 
Tariff rate in fourth quartile (10< tariff rate) 0.402 (0.268) 0.136 45,603 
Notes: β1 refers to the coefficient of tariff rate. SD is standard deviation and N is number of 
observations. Exporter–year, importer–year, and 6–digit HS product fixed effects are 
controlled. Standard errors, clustered on 6-digit products, are listed in parentheses. 
*Significant at 10%; **significant at 5%; ***significant at 1%. 
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evasion. Bhagwati (1964) indicates that the understatement of import values becomes 
profitable if the tariff rates exceed the premium in the black market, creating a strong 
incentive to evade high tariff rates. That higher tariff rates increase incentives for tariff 
evasion is also demonstrated in additional studies (Allingham and Sandmo 1972; Clotfelter 
1983; Poterba 1987). 
5.6.5 Income level 
East Asia includes numerous countries with different income levels. Therefore, it is a 
suitable environment to verify whether a significant difference exists for evasion based on 
different income groups58. Table 5.8 presents the results revealing the distinct income levels 
of importers in East Asia, because tariff evasion generally emerges on the importer’s side. 
The findings suggest that tariff evasion exists when importers are lower middle-income 
countries. The result is expected, particularly for specific countries that consider imported 
duties as major revenues59. The magnitudes show that trade, quantity, and the unit value gap 
of lower middle-income countries increase by 0.95%, 0.77%, and 0.30%, respectively, if the 
tariff rate increases by one percentage point for all machinery products. In Appendix I, we 
consider more possible combinations based on the level of exporters. If importers are high-
income countries, we find no evidence of tariff evasion. Moreover, we find that countries 
without a high-income are more likely to evade tariffs from exporters whose income levels 
are equal to or higher than theirs.  
                                                 
58 The income level is classified based on information provided by World Bank in 2016. In our sample, 
Brunei, Japan, Korea, and Singapore are classified as high-income countries; China, Malaysia, and 
Thailand are classified as upper middle-income countries; Cambodia, Indonesia, Myanmar, the 
Philippines, and Vietnam are classified as lower middle-income countries. 
59 Olken and Pande (2012) indicate that corrupt officials in developing countries seek alternative forms 
of corruption to adapt to policy changes. 
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5.6.6 Nonlinear issue 
To investigate whether tariff rates have a nonlinear effect on tariff evasion, we introduce a 
quadratic term of tariff rates into the model, similar to previous studies. The quadratic term 
is included separately in the three channels of the evasion gap. We also report the estimated 
results for parts and components and final products, respectively. In Table 5.9, the 
significance of the quadratic term indicates that the relation is positively nonlinear in all 
specifications of the trade and quantity gap60. A negative sign shows only weak evidence 
for parts and components in the unit value gap; however, the sign merely represents the type 
of nonlinearity. We consider the positive sign, referring to the curve between the evasion 
gap and tariff rates, to be convex, which implies an incremental effect on trade and quantity 
                                                 
60 Note that the estimated coefficients of tariff rates are insignificant in all specifications in Table 5.9. 
This is because tariff rates and the quadratic term of tariff rates are highly related (0.90). After correcting 
collinearity problems by centering the tariff rates at the corresponding mean, the coefficients of the tariff 
rates become positively significant in some specifications, but the results are not reported here. 
Table 5.8. Bilateral evasion gap by the difference of income level: All machinery products 
Panel A: Trade gap β1 SD Adj R ଶ N 
High-income 1.065 (0.721) 0.082 184,108 
Upper middle-income 0.134 (0.279) 0.140 176,775 
Lower middle-income 0.950*** (0.240) 0.135 173,659 
     
Panel B: Quantity gap     
High-income 0.556 (0.865) 0.093 126,965 
Upper middle-income -0.268 (0.359) 0.147 135,947 
Lower middle-income 0.767** (0.321) 0.128 110,760 
     
Panel C: Unit value gap     
High-income -0.227 (0.563) 0.116 126,965 
Upper middle-income 0.279 (0.209) 0.105 135,947 
Lower middle-income 0.299* (0.183) 0.224 110,760 
Notes: β1 refers to the coefficient of tariff rate. SD is standard deviation and N is number of 
observations. Exporter–year, importer–year, and 6–digit HS product fixed effects are 
controlled. Standard errors, clustered on 6-digit products, are listed in parentheses. 
*Significant at 10%; **significant at 5%; ***significant at 1%. 
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gaps while tariff rates increase. In particular, the impact is stronger for parts and 
components, and the corresponding magnitude of the coefficients is higher. By contrast, the 
negative sign of the quadratic term could be considered to indicate a concave relationship 
between tariff rates and evasion gap. We only find weak evidence in parts and components 
with a diminished effect in the unit value gap. This could be explained by the presence of an 
incomplete tariff pass-through (Mallick and Marques, 2008, 2012), which indicates that 
foreign exporters attempt to react to tariff decreases (or increases) by adjusting their 
markups, and thus increasing (or decreasing) the export prices (or unit values). 
Table 5.9. Evasion, tariff and squared tariff 
Panel A: Trade gap    
Tariff -0.393 -0.827 0.155 
 (0.362) (0.264) (0.434) Tariff ଶ                                                    4.508*** 4.610*** 3.439** 
 (1.157) (1.805) (1.408) 
Observations 534,542 257,293 277,249 
Product type              All              PC             Final 
Adjusted R-squared 0.084 0.087 0.084 
    
Panel B: Quantity gap    
Tariff -0.276 -0.977 0.136 
 (0.494) (0.760) (0.621) Tariff ଶ                                                    4.622*** 6.116*** 3.497* 
 (1.179) (2.358) (2.020) 
Observations 373,672 201,466 172,206 
Product type              All              PC             Final 
Adjusted R-squared 0.083 0.076 0.108 
    
Panel C: Unit price gap    
Tariff 0.358 0.629 0.734 
 (0.305) (0.404) (0.454) Tariff ଶ                                                    -0.680 -2.277* -0.905 
 (0.942) (1.291) (1.340) 
Observations 373,672 201,466 172,206 
Product type              All              PC             Final 
Adjusted R-squared 0.107 0.110 0.137 
Notes: “All” refers to all machinery products. “PC” refers to parts and components. “Final” refers to 
final products. Exporter–year, importer–year, and 6–digit HS product fixed effects are controlled. 
Standard errors, clustered on 6–digit products, are listed in parentheses. *Significant at 10%; 
**significant at 5%; ***significant at 1%. 
  128 
5.6.7 Misclassification of imported products 
We consider another potential channel of tariff evasion, namely the misclassification of 
products. In this channel, the prevalence of tariff evasion is through misclassifying products 
and classifying high-tariff products as lower-tariff ones. To examine this channel of tariff 
evasion, we follow the procedures of Fisman and Wei (2004) to add a variable, �ݒ݃௦௜௠ݐܽݎ�݂ ௝݂௜௞௧ (which represents the average tariff rate on similar products), under the 
same category of the 4-digit HS code. The average is weighted by the share of each product 
in the exports of a particular East Asian country within each 4-digit HS classification. This 
variable is expected to be a negative coefficient, suggesting that the lower the tariff is on 
similar products, the greater the incentive is to misclassify imports. We also include the 
interaction term between tariffs on similar products and the parts and components dummy to 
investigate whether such misclassification is easier for parts and components. Finally, we 
follow the methodology of Javorcik and Narciso (2008) to estimate a first difference model 
in order to eliminate the time-invariant effects specific to a given product imported by a 
particular country from a particular trading partner61. ∆ݐݎܽ݀݁ ݃ܽ݌௝௜௞௧ = ߛଵ∆ܶܽݎ�݂ ௝݂௜௞௧ + ߛଶ∆�ݒ݃௦௜௠ݐܽݎ�݂ ௝݂௜௞௧ + ߛଷ∆�ݒ݃௦௜௠ݐܽݎ�݂ ௝݂௜௞௧ ∗ �ܥ௞ +                                   �௜ + �௝ + ߟ௞ + ߝ௝௜௞௧                                                                                      ሺͷ.͸ሻ  
        Table 5.10 presents the results of considering this misclassification effect by regressing 
Eq. (5.6). Columns (1)–(3) show the results for all machinery products, and columns (4) and 
(5) present the results for parts and components and final products, respectively. The 
adjusted R-squared values are very small in all specifications. This is consistent with the 
                                                 
61 Note that the fixed effects controlled here are HS 4-digit product level rather than HS 6-digit level; this 
is performed to avoid serious multicollinearity between tariff rates and the tariff rates of similar products 
at the HS 6 digit level. 
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investigation of differentiated and homogeneous goods conducted by Javorcik and Narciso 
(2008). Furthermore, misclassification is prevalent in the same HS 4-digit classification in 
East Asia. As expected, the tariff coefficients on similar products appear statistically 
negative and significant. A one percentage point decrease in changes in the tariff rate on 
similar products yields an approximately 0.88%–1.17% (columns 1–3) increase in the 
changes in the trade gap. These magnitudes are lower than those reported by Fisman and 
Wei (2004). Notably, the coefficient of the interaction term is insignificant, as shown in 
column 3. We subsequently regress for parts and components and final products and 
observe that imported final products are more severely misclassified (1.17%) than are 
imported parts and components (0.56%). A possible reason is that final products have a 
higher tariff rate, resulting in higher incentives to misclassify the products from high tariff 
products to low tariff products. 
Table 5.10. Results with tariffs on similar products 
 Δ Trade gap 
 (1) (2)    (3) (4)    (5) 
Δ Tariff 0.357 0.564 0.782 -0.097 0.790 
 (0.397) (0.483) (0.665) (0.393) (0.186) 
Δ Tariff*PC  -0.421 -0.880   
  (0.337) (0.783)   
Δ Tariff on similar products -0.879*** -0.871*** -1.169** -0.555* -1.173** 
 (0.350) (0.347) (0.592) (0.337) (0.591) 
Δ Tariff on similar products*PC   0.619   
   (0.693)   
Observations 388,374 388,374 388,374 195,323 193,051   
Product type All All All      PC      Final 
Adjusted R-squared 0.0001 0.0002 0.0002 0.0002 0.0000 
Notes: “All” refers to all machinery products. “PC” refers to parts and components. “Final” 
refers to final products. Exporter, importer, and 4–digit HS product fixed effects are 
controlled. Standard errors, clustered on 4–digit products, are listed in parentheses. 
*Significant at 10%; **significant at 5%; ***significant at 1%. 
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5.7 Policy implication 
In this chapter, we observe the presence of tariff evasion in the machinery industry in 7 out 
of 12 East Asian countries, implying that tariff evasion is a prevalent form of emerging 
trade-induced corruption in customs. Particularly, non-high-income East Asian importers 
are more likely to evade tariffs. Vertically integrated production processes have split into 
two or more segments because of technological advances and lower service costs from the 
perspective of globalization. Such segmentation provides new possibilities for countries 
engaged in specialized production based on advantages derived from differences in 
technologies, location, and factor costs. Therefore, tariff evasion exists, which is a warning 
for the tariff revenue and country’s image, particularly for East Asian countries that depend 
on machinery trade and have attracted foreign direct investment in recent years. Moreover, 
the machinery parts and components trade is instrumental in reflecting the substantial 
associations of these production chains with both intra- and inter-regional trading partners. 
However, we find that the tariff evasion of parts and components is likely to cause the 
underreporting of the trade value as well as the misrepresentation of the import prices.  
        Policies to prevent the pernicious corruption of tariff evasion require consideration. 
Two measures are worth implementation. First, the government should frequently interdict 
and heavily punish violations by corrupt custom officials; this may effectively reduce the 
presence of tariff evasion. To counteract the tendency of evasion, Allingham and Sandmo 
(1972) suggest that the penalty rates and investigation expenditures are more likely to affect 
the probability of detection. Second, institutional reform and a good impression of a high 
level of governance contribute to inhibiting corruption and evasion. Javorcik and Narciso 
(2008), investigating the reverse trade gap and tariff rates between 10 Eastern European 
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countries and Germany, report no evidence of tariff evasion in Germany. Similar evidence is 
reported in the United States with no evidence of tariff evasion in the case of a high level of 
governance (Javorcik and Narciso, 2008). We provide evidence relevant for policy makers 
as a reference. 
5.8 Conclusion 
In this chapter, we follow Fisman and Wei’s (2004) approach to estimate the effects of the 
tariff-induced evasion gap in production and distribution networks, focusing on the intra-
regional trade in East Asia. Using HS six-digit product-level data, we observe that a 
bilateral trade gap, which is defined as the log difference between the value of exports and 
imports reported by the exporting and importing countries, respectively, has a positive 
significant association with the tariff rate. This result implies that missing trade in imports 
increases if corrupt customs evade the tariffs. The tariff rate coefficient on the bilateral trade 
gap is approximately 0.78%–1.20%. Furthermore, we investigate other potential methods of 
tariff evasion and observe similar results for the bilateral unit value gap. 
        By comparing the magnitude of tariff evasion between different types of products, 
which is our major interest, we report that parts and components have a higher evasion gap. 
Our results suggest that a one-percentage-point increase in the tariff rate is associated with a 
0.55%–0.96% increase in tariff evasion in the case of final products and a 1.10%–1.55% 
increase in the case of parts and components. This is an important finding for parts and 
components producers, who play a crucial role in regional products. As a further 
contribution to the literature, our findings provide a useful reference for policy makers.
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Appendix C. List of machinery parts and components coded according to the HS 1992 product 
classification 
840140, 840290, 840390, 840490, 840590, 8406, 8407, 8408, 8409, 8410, 8411, 8412, 8413, 
8414, 841590, 8416, 8417, 841891, 841899, 841990, 842091, 842099, 842123, 842129, 
842131, 842191, 842199, 842290, 842390, 842490, 8431, 843290, 843390, 843490, 843590, 
843691, 843699, 843790, 843890, 843991, 843999, 844090, 844190, 844240, 844250, 844390, 
8448, 845090, 845190, 845240, 845290, 845390, 845490, 845590, 8466, 846791, 846792, 
846799, 846890, 8473, 847490, 847590, 847690, 847790, 847890, 847990, 8480, 8481, 8482, 
8483, 8484, 8485, 8503, 850490, 8505, 850690, 8507, 850890, 850990, 851090, 8511, 8512, 
851390, 851490, 851590, 851690, 851790, 851840, 851850, 851890, 8522, 8529, 853090, 
8531, 8532, 8533, 8534, 8535, 8536, 8537, 8538, 8539, 8540, 8541, 8542, 854390, 8544, 8545, 
8546, 8547, 8548, 8607, 8706, 8707, 8708, 870990, 8714, 871690, 8803, 8805, 9001, 9002, 
9003, 900590, 900691, 900699, 900791, 900792, 900890, 900990, 901090, 901190, 901290, 
9013, 9014, 901590, 901790, 902490, 902590, 902690, 902790, 902890, 902990, 903090, 
903190, 903290, 9033, 9104, 9110, 9111, 9112, 9113, 9114, 9209 
Note: A total of 1124 product codes, comprising 433 parts and components and 691 finished 
products, exist for the machinery industry. 
Source: Kimura and Obashi (2010). 
  
Appendix D. The comparison of the bilateral trade gap between zero tariff and non-zero tariff products by importers 
 Zero tariff products  Non-zero tariff products 
 All  PC  Final  All  PC  Final 
Importer N Mean Median  N Mean Median  N Mean Median  N Mean Median  N Mean Median  N Mean Median 
Brunei 1,648 0.35  0.20   863 0.48  0.38   785 0.20  0.07   4,704 0.40  0.32   2,172 0.44  0.37   2,532 0.36  0.26  
China 9,973 -0.08  -0.18   5,929 -0.30  -0.26   4,044 0.23  -0.07   47,956 -0.03  -0.11   22,601 -0.05  -0.10   25,355 -0.02  -0.12  
Indonesia 32,879 0.94  0.63   15,517 1.04  0.72   17,362 0.85  0.57   27,230 0.70  0.49   12,353 0.68  0.47   14,877 0.71  0.51  
Japan 59,692 0.02  -0.01   31,728 0.01  -0.01   27,964 0.03  -0.02   221 -0.01  0.02   204 -0.03  0.01   17 0.32  0.09  
Cambodia 692 0.49  0.37   83 1.28  1.30   609 0.38  0.29   14,900 0.93  0.76   6,195 1.27  1.11   8,705 0.69  0.54  
Korea 7,492 0.30  0.03   3,728 0.28  0.05   3,764 0.32  0.01   42,601 0.07  -0.03   21,216 0.09  -0.01   21,385 0.05  -0.05  
Myanmar 73 1.72  1.49   27 2.33  1.88   46 1.36  1.37   3,039 0.93  0.85   1,300 0.94  0.88   1,739 0.93  0.82  
Malaysia 46,076 -0.16  -0.04   20,005 -0.35  -0.14   26,071 -0.02  0.02   20,130 0.09  0.11   11,402 -0.07  0.01   8,728 0.30  0.26  
Philippines 13,429 0.48  0.00   7,157 0.44  0.00   6,272 0.53  0.00   37,289 0.53  0.49   17,809 0.45  0.42   19,480 0.60  0.54  
Singapore 67,750 -0.12  -0.09   31,610 -0.30  -0.19   36,140 0.03  -0.02   NA NA NA  NA NA NA  NA NA NA 
Thailand 9,134 0.46  0.22   4,210 0.40  0.25   4,924 0.51  0.20   43,506 0.22  0.02   20,907 0.32  0.12   22,599 0.13  -0.04  
Vietnam 24,134 -0.11  -0.11   9,926 0.07  0.03   14,208 -0.24  -0.19   19,994 -0.09  -0.05   10,351 -0.11  -0.06   9,643 -0.07  -0.05  
Notes: N is number of observations. All refers to all machinery products, PC refers parts and components, and Final refers to final products. Bilateral 
trade gap is logarithmic.  
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Appendix E. Summary statistics of the bilateral evasion gap in East Asia  
 Mean    Median SD  Min Max N lnሺExport୴al୳eሻ  5.620  5.719  2.920  -6.908  16.784  534,542 lnሺImport୴al୳eሻ 5.442  5.530  2.965  -6.908  16.990  534,542 
Bilateral trade gap 0.178  0.049  2.398  -18.645  16.982  534,542 
Tariff 0.044  0.000  0.067  0.000  0.357  534,542 
Tariff*PC 0.020  0.000  0.049  0.000  0.357  534,542 
Tariff on PC 0.042 0.000 0.063 0.000  0.357  257,293 
Tariff on Final 0.045 0.000 0.069 0.000  0.357  277,249 lnሺexportq୳an୲୧୲୷ሻ 8.325  8.566  4.201  0.000  30.809  373,672 lnሺImportq୳an୲୧୲୷ሻ 8.191  8.443  4.227  0.000  24.980  373,672 
Bilateral quantity gap 0.134  0.073  2.756  -18.879  20.534  373,672 lnሺExport୳n୧୲ ୴al୳eሻ -2.559  -3.212  3.124  -17.081  12.441  373,672 lnሺImport୳n୧୲ ୴al୳eሻ -2.610  -3.254  3.189  -21.170  13.454  373,672 
Bilateral unit value gap 0.051  -0.023  1.967  -16.562  17.509  373,672 
Note: SD is standard deviation and N is number of observations.  
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Appendix F. The difference in the slope effects between parts and components and final 
products 
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Appendix G. Summary statistics of quantity measured using kilograms and items 
 Mean Median SD Min Max N 
Kilograms       
Tariff 0.041 0.008 0.062 0.000 0.355 179,941 
Tariff on PC 0.041 0.005 0.062 0.000 0.355 162,495 
Tariff on Final 0.044 0.030 0.059 0.000 0.350 17,446 
Bilateral quantity gap 0.134 0.073 2.756 -18.879 20.534 179,941 
Bilateral quantity gap on PC 0.082 0.035 2.640 -15.849 14.152 162,495 
Bilateral quantity gap on Final -0.057 -0.033 2.363 -13.290 11.969 17,446 
Items       
Tariff 0.047 0.000 0.073 0.000 0.357 193,731 
Tariff on PC 0.049 0.010 0.070 0.000 0.357 38,971 
Tariff on Final 0.046 0.000 0.074 0.000 0.357 154,760 
Bilateral quantity gap 0.194  0.134 2.880  -18.879  20.534  193,731 
Bilateral quantity gap on PC 0.097  0.082 3.117  -18.879  16.158  38,971 
Bilateral quantity gap on Final 0.219  0.148 2.816  -17.192  20.534  154,760 
Notes: SD is standard deviation and N is number of observations. PC refers to parts and 
components, and Final refers to final products.   
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Appendix H. Summary statistics of unit price gap by product types 
 Mean Median SD Min Max N 
Unit price gap       
All 0.051  -0.023  1.967  -16.562  17.509  373,672 
PC 0.065  -0.001  1.717  -16.193  17.509  201,466 
Final 0.035  -0.052  2.223  -16.562  17.234  172,206 
Tariff rates       
All 0.044  0.000  0.068  0.000  0.357  373,672 
PC 0.043  0.008  0.064  0.000  0.357  201,466 
Final 0.046  0.000  0.072  0.000  0.357  172,206 
Notes: SD is standard deviation and N is number of observations. All refers to all machinery 
products, PC refers to parts and components, and Final refers to final products. 
  
Appendix I. Bilateral evasion gap by the difference of income level and exporter: All machinery products 
 Trade gap  Quantity gap  Unit value gap 
Exporter–Importer      β1    SD    Adj R ଶ N      β1    SD    Adj R ଶ N      β1    SD     Adj R ଶ N 
High–High  0.584 (0.778)  0.139 68,666   -0.159 (0.993)  0.180 43,756   0.147 (0.606)  0.145 43,756  
Upper middle– High  0.467 (0.884) 0.110 85,823   0.867 (1.080)  0.112 64,162   -0.863 (0.812)  0.134 64,162  
Lower middle–High 1.588 (2.176) 0.151 29,619   -1.444 (2.748)  0.145 19,047   1.243 (1.141)  0.175 19,047  
High–Upper middle -0.212 (0.305) 0.215 101,399   -1.102*** (0.404)  0.239 74,321  0.612** (0.251)  0.142 74,321 
Upper middle–Upper middle 0.800** (0.401) 0.130 52,176   0.925* (0.498)  0.117 46,767   -0.124 (0.297)  0.115 52,176  
Lower middle–Upper middle   -0.365 (0.581) 0.177 23,200   0.243 (0.693)  0.188 14,859   -0.489 (0.364)  0.190 14,859  
High–Lower middle 0.584** (0.302) 0.209 87,857  0.602 (0.405)  0.171 56,516  0.091 (0.225)  0.227 56,516 
Upper middle–Lower middle 1.547*** (0.209) 0.123 75,923  1.062*** (0.409)  0.137 48,427  0.570** (0.231)  0.258 48,427 
Lower middle–Lower middle 0.779 (0.887) 0.138 9,879  1.534 (1.108)  0.116 5,817  0.066 (0.519)  0.212 5,817 
Notes:  Notes: β1 refers to the coefficient of tariff rate. SD is standard deviation and N is number of observations. Exporter–year, importer–year, 
and 6–digit HS product fixed effects are controlled. Standard errors, clustered on 6-digit products, are listed in parentheses. *Significant at 10%; 
**significant at 5%; ***significant at 1%. 
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CHAPTER VI 
 
 
Does Asian fragmentation matter for the extensive margin of 
international trade in machinery production networks? 
 
 
This chapter explores the depth and extent of participation in international machinery 
production networks to quantify the extent of global production sharing by using highly 
disaggregated international trade data at the HS six-digit product level. We examine and 
quantify the changes in the number of product–country pairs exported from international 
trading partners to ASEAN+3 countries during 1996–2013. Specifically, we estimate the 
probability of exporting in terms of goods being traded with ASEAN+3 countries in 
2013, and analyze whether distinct product categories cause significant differences in 
performance in the extensive margins of production networks (namely those involving 
parts and components and final products). Our probit estimate with marginal effects 
predicts a 14.3% higher probability of exporting parts and components than exporting 
final products in 2013. Moreover, we further decompose the characteristics of product–
country pairs and find that parts and components have a 12.8% higher probability of 
becoming new product–country pairs and a 14.5% lower probability of becoming 
disappearing product–country pairs, compared with final products. These marginal 
effects are robust even if individual ASEAN+3 countries are considered.
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6.1 Introduction 
The sustained growth of international trade in parts and components, and final products 
since the 1980s has led to the development of international production networks. The 
fragmentation of the production process has evolved into a network involving integration 
stages linking countries in East Asia with global trading partners. This production network 
constitutes “Factory Asia,” which has frequently been discussed during the past two decades 
and refers to the assembling of products in Asia and the export of finished products (i.e., 
consumer goods) from Asia to the rest of the world (Baldwin, 2008). This phenomenon has 
been attributed to the efficient distribution and production networks in East Asia, 
particularly the production of manufacturing machinery. Although assessing the extent and 
depth of the production networks presents a major quantitative challenge, previous studies 
have attempted to explore these trade patterns and estimate their magnitude and effect on 
international production networks. These issues have attracted considerable scholarly 
attention62.  
        The expansion of international trade has raised the question of whether its growth can 
be attributed to intensive or extensive margins. Because the substantial development of 
international trade has largely affected the world economy, gains from trade have been 
explored in terms of trade margins and provided crucial implications for policy makers. 
Nevertheless, the intensive margin is a crucial factor in export growth and has higher trade 
elasticity compared with the extensive margin (Besedeša and Prusa, 2011; Chaney, 2008; 
                                                 
62Athukorala (2005), Athukorala and Yamashita (2006), Kimua and Ando (2005), Ando (2006), and 
Kimura (2006) show the expansion of machinery trade in East Asia, with particularly remarkable growth 
noted in machinery parts and components. Ando and Kimura (2012), Okubo, Kimura, and Teshima 
(2014), Obashi (2010), and Lin (2016) provide evidence of a higher survival rate for machinery parts and 
components relative to final products. 
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Baier, Bergstrand, and Feng, 2014). Recent studies on international trade emphasize the 
importance of a trade pattern in the extensive margin. For the 1986–1992 period, Arkolakis 
et al. (2008) indicate that trade liberalization led to a sizable increase in import variety in 
Costa Rica. Hummels and Klenow (2005) show that 60% of major exports in greater 
economies are attributed to the extensive margin. Moreover, Hillberry and McDaniel (2002) 
use the Hummels–Klenow decomposition to investigate the extent of US trade with NAFTA 
partners.  
        In a subsequent study, Mukerji (2009) finds significant extensive margin growth in 
exports and imports for the 1990s, as evidenced by the impact of trade liberalization in 
India. Bernard et al. (2009) reveal that the extensive margin primarily causes differences in 
exports and imports across trading partners. Crozet and Koenig (2010) identify a strong 
effect of distance on the extensive margin for French firms in 1986–1992. Dutt, Mihov, and 
Zandt (2013) show that WTO membership positively influences extensive margins but 
negatively influences intensive margins. Some proposed empirical and theoretical models 
yield results that focus on extensive margins (Melitz, 2003; Yi, 2003; Arkolakis, 2010; 
Kehoe and Ruhl, 2013). Moreover, the extensive margin is more important than the 
intensive margin in some studies (Eaton, Kortum, and Kramarz, 2004; Bernard et al., 2007). 
However, the issue of trade margins of international trade in production networks as well as 
Asian fragmentation has not been thoroughly explored. The purpose of this chapter is to 
address this gap. 
        The use of the trade margin in international production networks is limited. Yi (2003) 
indicates that vertical specialization increases after a reduction in tariffs, resulting in a 
significant increase in the extensive margin. This is because the international production 
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process can be fragmented into more stages cross border after the elimination of the tariff 
barrier. Ando and Kimura (2012) follow the approach of Haddad, Harrison, and Hausman 
(2010) to decompose trade changes into intensive and extensive margins and investigate the 
response of Japanese exports to two massive shocks, the 2008–2009 Global Financial Crisis 
and the 2011 Great East Japan Earthquake, in international production networks. Moreover, 
Ando and Kimura (2013) follow the definitions 63  of Flam and Nordstrom (2011) and 
Hayakawa, Kimura, and Nabeshima (2011) and indicate that the extensive margin 
increasing production fragmentation in Europe is linked with Central and Eastern Europe 
through machinery imports from East Asia. 
        Most closely related to our work is Obashi and Kimura (2017), which examine the 
widening and deepening of international production networks for ASEAN member 
countries during 2007–2013 by using the highly disaggregated HS six-digit product level in 
machinery. They explore the widening and deepening of machinery production networks 
between ASEAN and its trading partner during 2007–2013. They particularly indicate that 
stable development of the back-and-forth trade relationship of Singapore and Thailand with 
East Asian partners plays a crucial role in international production networks. However, they 
only focus on trade of parts and components and their analysis period is limited. 
        In line with previous studies, we particularly focus on extensive margins, which 
demonstrate a significant increase in the range of goods being exported, as observed by 
economists. We concentrate on exploring the degree and extent of extensive margins in 
international machinery production networks in ASEAN+3, examining whether Asian 
                                                 
63 Previous studies provide various definitions of intensive and extensive margins. For further detail, see 
more detail in Hummels and Klenow (2005), Helpman, Melitz, and Rubinstein (2008), Haddad, Harrison, 
and Hausman (2010), and Besedesˇ and Prusa (2011).  
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fragmentation matter for the extensive margin of international trade. To do so, we explore 
the depth and extent of participation in international production networks to quantify the 
extent of global production sharing between ASEAN+3 and other major trading regions 
(including intra regional trade involving ASEAN+3) by using highly disaggregated 
international trade data at the HS six-digit product level for parts and components, and final 
products64. Specifically, we count and examine the changes in the number of product–
country pairs65  exported from ASEAN+3 to international trading partners66  over 1996–
2013. 
        We focus on the machinery production networks for ASEAN+3 member countries 
because fragmentation in East Asia provides the most notable instance. Although member 
countries exhibit different income levels, historical backgrounds, and degrees of 
participation in production networks, most countries are increasingly active players in such 
networking. With respect to geographical extension and the sophistication of international 
production networks, ASEAN+3 has a crucial role in trade links with other parts of the 
world. We document the number of product–country pairs centered on China, Japan, and 
Korea, followed by Singapore, Malaysia, and Thailand. Indonesia, the Philippines, and 
Vietnam also present positive signs for engaging in transactions in the machinery trade. 
Although the degree of participation by Brunei, Cambodia, Myanmar, and Lao PDR is 
limited, these countries increasingly join production networks. International production 
                                                 
64 The HS product classifications related to the machinery industry are numbered from HS 84 to 92, 
consisting of general machinery (HS 84), electric machinery (HS 85), transport equipment (HS 86–89), 
and precision machinery (HS 90–92). 
65 The product–country pairs referred to in this chapter are non-zero country–product pairs. Feenstra 
(1994), Hummels and Klenow (2005), and Broda and Weinstein (2006) classify a good as not traded 
while the value of trade is $0. 
66 The trading partners in our data set are 128 countries, listed in Appendix J. 
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networks are continuously deepening and widening, particularly those involving the trade of 
parts and components.  
        To more effectively quantify whether parts and components and final products differ 
regarding the extent and magnitude of the change in the extensive margin, we first examine 
the probability of exporting for product–country pairs in 2013 by using probit regression. 
Subsequently we further compare the performance difference with respect to the distinct 
status of product–country pairs based on the definition of Debaere and Mostashari (2010) 
for two types of product. Our major finding is that parts and components have a 14.3% 
higher probability of being exported in 2013 compared with final products. Then, if initially 
there are no exports in 1996, parts and components exhibit a 12.8% higher probability of 
being exported in 2013 (new product–country pairs); if there are initially exports in 1996, 
parts and components have a 14.5% lower probability of product–country pairs disappearing 
in 2013 (disappearing product–country pairs) compared with final products. 
        The remainder of this chapter is organized as follows. Section 2 describes the 
development of the number of product–country pairs in machinery production networks in 
1996–2013 and explores the extent of extensive margins based on the status of product–
country pairs. Data sources and econometric models are offered in Section 3. Section 4 
provides the empirical results. Section 5 provides a conclusion. 
6.2 Extensive margin of trade in machinery industry 
Given the fact that the importance of machinery trade to ASEAN+3 in export has rapidly 
expanded over the past two decades, regional integration of production networks has 
expanded to include global production chains, resulting in closer trade relationships within 
this network. However, in addition to examining trade values, we focus on the extensive 
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margin of product–country pairs. To quantify the magnitude of participation in machinery 
production networks and calculate the number of product–country pairs, we exploit 
international trade data from the UN Comtrade database67.  
        To avoid the product code of updates undergoing classification errors, we adjust the 
current version of HS product classification so as to be consistent with HS 1988/1992 
version for our analysis period from 1996 to 2013. We utilize import statistics throughout 
this chapter, including when we count the number of product–country pairs exported. As 
stated by Obashi and Kimura (2017), this is due to import statistics being more reliable 
because “a country of origin is more closely verified because of tariff regulations, and the 
final destination may not be known at the time of export.” Regarding the classification of 
parts and components, and final products, we are able to identify a particular product at the 
six-digit level or a type of products at the four-digit level, in line with the definition 
provided by Kimura and Obashi (2010). 
6.2.1    Development of product–country pairs  
Figure 6.1 shows the trend for the numbers of product–country pairs exported to major 
trading partners from ASEAN+3 countries at the HS six-digit level for the machinery 
industry from 1996 to 2013. The vertical axis represents the number of product–country 
pairs. The blue, red, green lines refer to all machinery products, parts and components, and 
final products, respectively. All machinery products have obviously increased, and a 
particularly increase occurred after 2000. The number of product–country pairs exceeds 
350,000 for 2013, compared with approximately 165,000 for 1996. Furthermore, the 
                                                 
67 This database publically publishes the value of imports expressed as thousands of USD for a wide 
range of countries, recording them at the six-digit HS level. 
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number of product–country pairs for the two types of product exhibits a surprising increase 
over time. Regarding a comparison of the products, parts and components have fewer 
product–country pairs for both 1996 and 2013. However, this gap has already reduced, 
implying that the number of product–country pairs involving parts and components trade 
presents more pronounced growth. The specific difference in the number of product–country 
pairs reaches approximately 14,000 in 1996 but falls to approximately 6,000 in 2013, 
suggesting that the importance of import demand for parts and components from trade 
partners increases over time. 
Fig. 6.1. Trend of the number of product–country pairs in 1996–2013 
 
6.2.2    Characteristics of product–country pairs  
In this sub-section, we explore the changes in the number of product–country pairs, 
particularly the extensive margin. Debaere and Mostashari (2010) analyze the trade pattern 
of exported goods into four types. We follow their definition and apply it to product–
country pairs. All exported product–country pairs refer to those traded either at the 
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beginning or end of the time frame68. New product–country pairs refer to those traded at the 
end of the time frame but not the beginning. Disappearing product–country pairs refer to 
those traded at the beginning but not the end of the time frame. Continuous product–country  
pairs refer to those traded both at the beginning and end of the time frame.  
        Table 6.1 displays the number of machinery industry product–country pairs that 
exported from ASEAN+3 to trading partners during 1996–2013 with corresponding trade 
patterns. The columns of all exported product–country pairs present the number of product–
                                                 
68 All exported product–country pairs here do not include product–country pairs that do not appear in 
both 1996 and 2013 but appear during the 1997–2012 period. 
Table 6.1. Machinery exports to trading partners at the HS six-digit level over 1996-2013: product–country pairs 
 All machinery products Parts and components Final products 
Exporters All  New Dis. Con. All  New Dis. Con. All  New Dis. Con. 
Brunei 1,111 0.67  0.24  0.09  562 0.67  0.24  0.08  549 0.67  0.23  0.10  
China 95,986 0.68  0.03  0.29  39,486 0.68  0.02  0.30  56,500 0.68  0.04  0.28  
Indonesia 23,182 0.73  0.09  0.18  12,733 0.76  0.06  0.18  10,449 0.13  0.00  0.87  
Japan 72,981 0.32  0.17  0.51  32,623 0.33  0.11  0.56  40,358 0.32  0.22  0.47  
Cambodia 1,377 0.86  0.11  0.03  679 0.85  0.11  0.03  698 0.87  0.11  0.02  
Korea 55,632 0.53  0.11  0.36  25,944 0.52  0.07  0.41  29,688 0.54  0.14  0.32  
Lao PDR 613 0.81  0.18  0.01  313 0.79  0.20  0.01  300 0.84  0.16  0.01  
Myanmar 808 0.79  0.17  0.04  424 0.80  0.16  0.04  384 0.77  0.18  0.05  
Malaysia 34,973 0.61  0.11  0.28  17,643 0.64  0.06  0.29  17,330 0.59  0.15  0.26  
Philippines 16,875 0.69  0.11  0.20  9,732 0.71  0.07  0.22  7,143 0.66  0.16  0.18  
Singapore 39,086 0.49  0.15  0.35  19,443 0.52  0.10  0.38  19,643 0.46  0.21  0.33  
Thailand 35,798 0.67  0.09  0.24  18,606 0.69  0.05  0.25  17,192 0.65  0.13  0.22  
Vietnam 15,896 0.93  0.02  0.05  8,444 0.93  0.02  0.05  7,452 0.92  0.03  0.04  
ASEAN+3 394,318 0.58  0.10  0.32  186,632 0.60  0.07  0.34  207,686 0.57  0.13  0.30  
Note: “All” refers to all exported product–country pairs. “New” refers to new product–country pairs. “Dis.” refers 
to disappearing product–country pairs. “Con.” refers to continuous product–country pairs. 
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country pairs traded with respect to all machinery products, parts and components, and final 
products.69  The remaining columns list the percentage of all exported product–country 
pairs.70 
        First, we focus on the pooled sample for ASEAN+3. A total of 394,318 all exported 
product–country pairs are identified for all machinery products. However, 58% of those 
product–country pairs are new, 10% are disappearing product–country pairs, and 32% are 
continuous. This suggests that disappearing product–country pairs accounted for a small 
proportion in 2013, implying that trade links between ASEAN+3 and its trading partners are 
not likely to dissolve. The product comparison for parts and components and final products 
indicates that the number of product–country pairs of parts and components is lower than 
that of final products for all exported product–country pairs; however, the difference is 
negligible. Note that the proportion of new and continuous product–country pairs is slightly 
greater for parts and components. Notably, final products exhibit a large proportion of 
disappearing product–country pairs, with a magnitude of 13% compared with 7% for parts 
and components71.  
        To examine whether the change of product–country pairs appeared in the country 
dimension during 1996–2013, we analyze the international production networks on the basis 
of individual East Asian countries according to the definition of product characteristics. 
China, Japan, Korea, Malaysia, Singapore, and Thailand are major producers of all 
                                                 
69  The number of all exported product–country pairs is the aggregation of the number of new, 
disappearing, and continuous product–country pairs.  
70 Thus, we can confirm what percentage of all exported product–country pairs a particular trade pattern 
accounts for, and if necessary, obtain exact number of product–country pairs. 
71 The finding of trade in parts and components being likely to offer longevity than that of final products 
is consistent with the findings of previous studies on Asian fragmentation that have adopted the statistical 
technique of survival analysis. 
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machinery products and are involved in all product–country pairs traded with their trading 
partners. Next are Indonesia, the Philippines, and Vietnam, which are active in machinery 
product transactions. By contrast, Brunei, Cambodia, Lao PDR, and Myanmar present 
extremely rare product–country pairs, implying that they are relatively inactive in 
participating in machinery production networks. We find that the proportion of new 
product–country pairs for Brunei, Cambodia, Lao PDR, and Myanmar is 67%–86% of all 
exported product–country pairs. This proportion is higher than that of other ASEAN+3 
countries; however, these counties also have a higher proportion of disappearing product–
country pairs (11%–24%) and lower continuous product–country pairs (1%–9%). We 
conclude that although the extent of participation in machinery production networks for 
these countries is lagging considerably behind other ASEAN+3 countries, they present 
positive signs of gradually becoming involved in these networks. 
         Next, in Japan, Korea, and Singapore, approximately 32%–53% of all product–country 
pairs are new product–country pairs, 11%–15% are disappearing product–country pairs, and 
35%–51% are continuous product–country pairs. We can infer that relatively large 
economies exhibit active and stable development in such production networks. In the cases 
of Indonesia, Malaysia, Thailand, and the Philippines, 61%–73% of all product–country 
pairs are new, 9%–11% are disappearing, and 18%–28% are continuous. We can infer that 
these countries actively attempt to join these production networks despite having relatively 
small economies. As for China and Vietnam, both countries present the lowest proportion of 
disappearing product–country pairs (2% and 3%, respectively). However, the reasons for 
this composition of product–country pairs differ between China and Vietnam. For China, 
the reason for the lower proportion of disappearing product–country pairs is the higher 
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proportion of new and continuous product–country pairs (68% and 29%); this implies that 
China is active in joining machinery production networks while simultaneously maintaining 
stable development. By contrast, Vietnam has a rather low proportion of continuous 
product–country pairs (5%), but its proportion of new product–country pairs (93%) is quite 
high, implying that most increases in product–country pairs in Vietnam can be attributed to 
this newly active participant joining these networks. 
        With respect to product comparison, parts and components clearly have higher 
proportion for new and continuous product–country pairs, and less proportion for 
disappearing product–country pairs relative to final products. In particular, 93% and 92% of 
all exported product–country pairs for Vietnam are new product–country pairs in terms of 
parts and components and final products trade, respectively. The three highest proportions 
of continuous product–country pairs of parts and components are exhibited by Japan, Korea, 
and Singapore at 56%, 41%, and 38%, respectively. Notably, the proportion of continuous 
product–country pairs of final products for Indonesia is 87%, indicating that the country has 
maintained high stability in exporting final products to trading partners. 
6.3 Data and empirical model 
6.3.1    Data sources 
Our objectives are to determine changes in the range of product–country pairs that 
ASEAN+3 countries export to trading partners, and to quantify the importance of machinery 
parts and components in international production networks. In addition to trade data, we 
include other factors that may affect the probability of exporting such as several traditional 
measures of bilateral trade resistance used in the gravity literature. Data on gravity variables 
are obtained from the gravity database of the CEPII. The CEPII covers the harmonized data 
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of gravity variables for each country pair from 1948 to 2015. Subsequently, we then retain 
the sample period of interest and merge this period with the trade data.  
6.3.2    Econometric analysis 
To explore the changing range of product–country pairs adopted for bilateral trade between 
countries and to quantify the contribution of machinery parts and components to these 
changes, we examine the probability of exporting goods traded from ASEAN+3 countries to 
trading partners in 2013. In addition, we control for whether product–country pairs existed 
in 1996. The objective is to determine whether the previous existence of a product–country 
pair is likely to have maintained trade relationship in 2013. Specifically, our dependent 
variable is a binary indicator that is “1” if country i exported a good to the destination 
country j in 2013 and “0” if it did not. The equation is expressed as follows:        
       �௜௝,௞ = ͳ[�௜௝,௞∗ > Ͳ]                                                                                                                 ሺ͸.ͳሻ         �௜௝,௞∗ = ߚ଴ + ߚଵ�&ܥ௞ + ߚଶܵݐܽݐݑݏͳ99͸௜௝,௞ + ߚଷ ݈݊ ܦ�ݏݐܽ݊ܿ ௜݁௝ + ߚସܥ݋݊ݐ�݃ݑ�ݐݕ௜௝+ ߚହ�ܽ݊݃ݑܽ݃݁௜௝ + ߚ଺ܴܶ�௜௝ + ߚ଻ ݈݊ �ܦ�௜ + ߚ଼ ݈݊ �ܦ�௝+ ߚଽ݈݊ ܾܽݏ. �ܦ�݌ܿ௜௝ௗ௜௙௙ + ߚଵ଴�݊ݐݎܽ ݎ݁݃�݋݈݊ܽ ݐݎܽ݀݁௜௝ ∗ �&ܥ௞ + ߝ௜௝௞  ሺ͸.ʹሻ   
             
where i is an ASEAN+3 origin country, j is 1 of the 128 countries in our data set, and k is 
the HS six-digit product. �௜௝,௞  refers to a latent variable, the value of which illustrates 
whether non-zero trade flow was exported in 2013. �&ܥ௞ represents a dummy variable that 
takes “1” if a particular HS six-digit product is from the machinery parts and components 
category, and “0” is it is not. ܵݐܽݐݑݏͳ99͸௜௝,௞ is a dummy variable that takes “1” if good k 
was exported from country i to j in 1996 (which would imply that a product–country pair 
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existed in 1996) and “0” if it was not. The country pair–specific explanatory variables 
commonly used in the estimation of gravity equations are included in our model. We 
include the natural log of the bilateral distance between country i and country j as proxy for 
trade costs72. In addition, we include some dummy variables in the gravity literature that are 
likely to affect the probability of a product being exported. A variable takes “1” if a pair of 
countries in question share a border, have a common language spoken by at least 9% of the 
population, or if the countries have signed a regional trade agreements (RTAs); otherwise, 
the dummy variables take “0.” Moreover, we include the natural log of gross domestic 
product (GDP) for the origin and destination countries in 2013, respectively. Changing the 
size of production and product demand would affect the degree of participation in 
international production sharing, which is crucial for the extensive margin. Furthermore, we 
include the natural log of the absolute value of the difference in GDP per capita between the 
origin and destination countries to control for differences in location advantages. This is 
because the difference in GDP per capita between two countries is generally considered a 
proxy for the international wage differentials that are the factors affecting the fragmentation 
of production across borders.  �݊ݐݎܽ ݎ݁݃�݋݈݊ܽ ݐݎܽ݀݁௜௝ ∗ �&ܥ௞  is the interaction term for 
indicating whether intra–regional parts and components contribute to enhancing the 
probability of exporting in 2013.  
                                                 
72 Obashi and Kimura (2017) indicate that bilateral distance may affect the export frequency for zero and 
non-zero trade flow within international production networks because non-final products cross borders 
multiple times through global value chains. 
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6.4 Results 
6.4.1.    Baseline results in international production networks         
We initially examine the probability of a product being exported to quantify the change in 
the extensive margin, notably the product–country pair, by employing probit regression73. In 
particular, we conduct regression on the empirical model for all machinery products, parts 
and components, and final products. Our dependent variable is a binary indicator that takes 
“1” if a non-zero export flow existed for a given HS six-digit product from a particular 
ASEAN+3 origin country to a particular destination market in 2013, and “0” if it did not74.  
        Table 6.2 presents the probit estimates for all machinery products with two 
specifications with and without the interaction term of P&C and ASEAN+3 dummies75. We 
report the coefficients and marginal effects for each specification, and cluster robust 
standard errors based on country pairs. Because our probit estimates belong to a nonlinear 
model, the effects of the variables are made more intuitively meaningful and informative by 
the magnitude of marginal effects76. To better quantify the effects of the estimates, we focus 
on the marginal effects for two distinct specifications reported in columns 2 and 4 of Table 
6.2.  
        Columns 1 and 2 of Table 6.2 present our baseline results. To explore whether a 
significant variation exists for the probability of exporting between parts and components 
and final products, the magnitude of P&C (i.e., ߚଵ) is our main focus. The MEMs for binary 
                                                 
73 Wooldridge (2002) indicates that a statistical issue emerges for a probit estimator with fixed effects, 
leading to an inconsistent estimation of β. 
74 All explanatory variables used in this chapter are log transformed except for the dummy variables. 
75 The total sample in our specification comprises new, disappearing, and continuous product–country 
pairs and product–country pairs that do not appear in both 1996 and 2013 but appear in the 1997–2012 
period. This is because we control the dummy variable of status 1996, implying that we cannot exclude 
the possibility that a product–country pair with that export status is observed in neither 1996 nor 2013. 
76 Specifically, we provide the marginal effects at the means (MEMs). 
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explanatory variables show how the predicted probability of exporting changes as the binary 
explanatory variable changes from 0 to 1, holding all other variables at their means. As 
revealed in column 2 of Table 6.2, P&C exhibits a positive and statistically significant 
marginal effect on the probability of exporting. Therefore, the MEM for P&C of 0.143 
suggests that the predicted probability of exporting is 14.3% greater for parts and 
components than for final products, which supports our hypothesis that the number of 
product–country pairs is increasing when exported from ASEAN+3 countries to trading 
partners, particularly for the trading of parts and components. 
        Other binary explanatory variables have different marginal effects. A product exported 
to a destination country in 1996 was 24% more likely to be exported in 2013, implying that 
past experience can strengthen the export probability in subsequent years. However, the 
marginal effects are insignificant if the two countries share the border, if a common 
language is spoken by at least 9% of the population, and if both countries share RTAs. 
        MEMs measure the instantaneous rate of change of continuous variables. However, the 
marginal effect may or may not be similar to the change in the probability of exporting 
when an independent variable increases by one unit; this depends on how the independent 
variable is scaled. Nevertheless, we can still examine the significance, signs, and magnitude 
of the marginal effects to provide explicit implications of these estimates. We also find that 
the marginal effect of distance is negative and significant, implying that a larger distance 
lowered the probability of exporting in 2013. The signs of other continuous variables 
similarly fit our expectations and are significant; the larger size of production in the origin 
country, the larger demand in country of destination, and the smaller wage differentials 
between the origin and destination countries help promote the probability of exporting. 
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        Columns of 3 and 4 in Table 6.2 present the estimated specification results of the 
interaction term between ASEAN+3 and P&C to quantify the magnitudes of the marginal 
effects on intra-regional trade. Notably, the trading of parts and components between 
ASEAN+3 countries would increase by 13.4% of the probability of exporting in 2013. The 
magnitudes of marginal effect of the other explanatory variables exhibit slight decreases.  
Table 6.2. Probit estimates for statistical determinants of export status over (1996–2013) 
 Positive exports in 2013 
All machinery products 
 (1)     (2)     (3)    (4) 
 Coefficient Marginal 
effect 
Coefficient Marginal 
effect 
P&C 0.361*** 0.143***   
 (0.007) (0.003)   
Status 1996 0.604*** 0.240*** 0.604*** 0.240*** 
 (0.023) (0.009) (0.023) (0.009) 
Log distance -0.127*** -0.051*** -0.083*** -0.033*** 
 (0.028) (0.011) (0.029) (0.011) 
Language 0.030 0.012 0.038 0.015 
 (0.041) (0.016) (0.039) (0.006) 
Contiguity -0.009 -0.003 0.010 0.004 
 (0.145) (0.057) (0.141) (0.056) 
RTA 0.033 0.013 -0.020 -0.008 
 (0.039) (0.015) (0.037) (0.015) 
Log GDP of origin country 0.204*** 0.081*** 0.193*** 0.077*** 
 (0.012) (0.005) (0.012) (0.005) 
Log GDP of destination country 0.097*** 0.039*** 0.095*** 0.038*** 
 (0.009) (0.003) (0.008) (0.003) 
Log abs. difference in GDP per capita -0.027** -0.011** -0.025* -0.010* 
 (0.014) (0.005) (0.014) (0.005) 
Intra regional trade*P&C   0.338*** 0.134*** 
   (0.037) (0.015) 
Number of observations 665,935  665,935  
Log pseudolikelihood -412377.3  -417671.1  
Prob>chi2 0.000  0.000  
Pseudo R2 0.104  0.092  
Note: The dependent variable is a binary indicator taking a value of 1 if a good is exported 
to a particular country of destination from an origin country of ASEAN+3 in 2013, and 0 
otherwise. Results for the constant term are not reported but are included in the regressions. 
Standard errors, clustered by country pair, are listed in parentheses. * Significant at the 10% 
level. ** Significant at the 5% level. *** Significant at the 1% level. 
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        Table 6.3 reveals the probit estimate for parts and components and for final products. 
We focus on the marginal effects and find that a good exported in 1996 is positively 
associated with the 25.9% and 22% higher probabilities of exporting parts and components 
and exporting final products in 2013, respectively. The marginal effect of distance is 
negative and significant for the trading of not only parts and components but also final 
products. This implication denotes that lower service link costs would affect the incidence 
Table 6.3. Probit estimates for the determinants of export status based on product comparison  
 Positive exports in 2013 
 Parts and components Final products 
 (1)     (2)     (3)    (4) 
 Coefficient Marginal 
effect 
Coefficient Marginal 
effect 
Status 1996 0.678*** 0.259*** 0.552*** 0.220*** 
 (0.027) (0.010) (0.022) (0.009) 
Log distance -0.115*** -0.044*** -0.137*** -0.055*** 
 (0.031) (0.012) (0.028) (0.011) 
Language 0.045 0.017 0.023 0.009 
 (0.043) (0.017) (0.040) (0.016) 
Contiguity -0.090 -0.035 0.034 0.013 
 (0.158) (0.060) (0.137) (0.055) 
RTA 0.035 0.014 0.032 0.013 
 (0.042) (0.016) (0.038) (0.015) 
Log GDP of origin country 0.196*** 0.075*** 0.210*** 0.084*** 
 (0.013) (0.005) (0.012) (0.005) 
Log GDP of destination country 0.118*** 0.045*** 0.083*** 0.033*** 
 (0.009) (0.003) (0.009) (0.003) 
Log abs. difference in GDP per capita -0.018 -0.007 -0.033** -0.013** 
 (0.014) (0.005) (0.014) (0.006) 
Number of observations 291,050  374,885  
Log pseudolikelihood -174961.9  -236853.7  
Prob>chi2 0.000  0.000  
Pseudo R2 0.108  0.088  
Note: The dependent variable is a binary indicator taking a value of 1 if a good is exported to 
a particular country of destination from an origin country of ASEAN+3 in 2013, and 0 
otherwise. Results for the constant term are not reported but are included in the regressions. 
Standard errors, clustered by country pair, are listed in parentheses. * Significant at the 10% 
level. ** Significant at the 5% level. *** Significant at the 1% level. 
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of non-zero trade flows. Although the language spoken and RTAs are not significant in the 
specification, their signs fit our expectations. However, regarding the marginal effects of the 
natural log of GDP in the origin and destination counties being positively significant, the 
magnitude differs in the comparison between parts and components and final products. 
Finally, the wage differentials are more likely to affect the probability of exporting final 
products.   
6.4.2   New and disappearing product–country pairs 
To better quantify the changing of extensive margins on product–country pairs in 
international production networks, we consider whether parts and components and final 
products differ in performance in terms of the status of product–country pairs. We focus 
primarily on new and disappearing product–country pairs in two specifications with 
different definitions for dependent variables77. For the analysis of new product–country 
pairs, we investigate the probability of exporting in 2013 for those product–country pairs 
that do not appear in 1996. �௜௝,௞ is “1” if exports of product k from ASEAN+3 country i to 
destination country j were observed in 2013 and “0” for any other outcome. We limit the 
samples to product–country pairs that do not appear in 1996 but may or may not appear in 
2013. For the analysis of disappearing product–country pairs, we investigate the probability 
of not exporting in 2013 for those product–country pairs that appear in 1996. �௜௝,௞ is “1” if 
exports of product k from ASEAN+3 country i to destination country j were not observed in 
2013 and “0” for any other outcome. The samples are limited to product–country pairs that 
appear in 1996 but may or may not appear in 2013. As noted in the descriptive statistics in 
                                                 
77 The estimated results for continuous product–country pairs present similar magnitudes of disappearing 
product–country pairs but with opposite signs. 
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Table 6.1, we expect that the trading of parts and components has a higher probability of 
producing new product–country pairs and a lower probability of producing disappearing 
product–country pairs, compared with the trade of final products. 
 
        Table 6.4 shows the specifications of new and disappearing product–country pairs, 
excluding ݏݐܽݐݑݏͳ99͸  and intra-regional trade of ASEAN+3 dummies. The marginal 
effects, presented in columns 2 and 4, are statistically significant and consistent with our 
Table 6.4. Estimated results for the distinct status of product–country pairs  
 All machinery products 
 New Disappearing 
 (1)     (2)     (3)    (4) 
 Coefficient Marginal 
effect 
Coefficient Marginal 
effect 
P&C 0.323*** 0.128*** -0.490*** -0.145*** 
 (0.008) (0.003) (0.012) (0.004) 
Log distance -0.135*** -0.054*** 0.114*** 0.034*** 
 (0.032) (0.013) (0.037) (0.011) 
Language 0.006 0.002 -0.039 -0.011 
 (0.043) (0.017) (0.057) (0.017) 
Contiguity -0.015 -0.006 -0.049 -0.014 
 (0.154) (0.061) (0.211) (0.062) 
RTA -0.028 -0.011 -0.190*** -0.056*** 
 (0.047) (0.019) (0.039) (0.012) 
Log GDP of origin country 0.201*** 0.080*** -0.209*** -0.062*** 
 (0.013) (0.005) (0.015) (0.004) 
Log GDP of destination country 0.089*** 0.035*** -0.131*** -0.039*** 
 (0.009) (0.004) (0.013) (0.004) 
Log abs. difference in GDP per capita -0.023 -0.009 0.035** 0.010** 
 (0.015) (0.006) (0.018) (0.005) 
Number of observations 500,818  165,117  
Log pseudolikelihood -318225.7  -83395.2  
Prob>chi2 0.000  0.000  
Pseudo R2 0.050  0.084  
Note: “New” refers to new product–country pairs. “Disappearing” refers to disappearing 
product–country pairs. The results for the constant term are not reported but are included in 
the regressions. Standard errors, clustered by country pair, are listed in parentheses. * 
Significant at the 10% level. ** Significant at the 5% level. *** Significant at the 1% level. 
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expectations. Most signs of marginal effects are contradict the probabilities of new and 
disappearing product–country pairs emerging. We find that the probability of new product–
country pairs emerging increases if a product is categorized under parts and components 
(column 2 in Table 6.4). However, parts and components significantly lower the probability 
of product–country pairs disappearing (column 4 in Table 6.4). Our expectation that parts 
and components are more likely to become new product–country pairs and less likely to 
become disappearing product–country pairs in 2013, compared with final products, is 
thereby confirmed. With a 12.8% higher probability of becoming new product–country pairs 
and a 14.5% lower probability of becoming disappearing product–country pairs for parts 
and components. Regarding the continuous variables of marginal effects, the closer the 
distance, the higher production scale and product demand in the origin and destination 
countries leads to a higher (lower) probability of becoming new (disappearing) product–
country pairs. Moreover, it is remarkable that more factors may affect the probability of 
becoming a disappearing product product–country pair. If a pair of countries shares RTAs, 
the probability of that product–country pairs disappearing would fall by 5.6%. Furthermore, 
fewer disappearing product–country pairs are predicted when the difference in GDP per 
capita between the origin and destination countries is smaller. 
6.4.3.    Country-by-country comparison 
Table 6.5 presents the results for each ASEAN+3 country that exports to trading partners 
with identical statistical analysis and explanatory variables, concentrating on the machinery 
industry and the separate estimation of each specification for the 13 countries in our data set. 
Only the coefficients and marginal effects of the P&C dummy (ߚଵ) are reported because 
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they are the main focus of this chapter78. The signs of coefficients and marginal effects for 
new and disappearing product–country pairs are expected to be contradictory.  
        In 10 of the 13 countries, we find that parts and components trade presents a higher 
probability of new product–country pairs forming than that presented by final product trade. 
The probability of becoming a new product–country pair is highest for the Philippines 
(15.9%), followed by Thailand (15.5%), Indonesia (15.2%), and Malaysia (14.7%). This 
suggests that those countries are active exporters of parts and components for 2013 in both 
intra–and inter–regional trade. Notably, Myanmar exhibits statistically significant positive 
marginal effects (3.3%); although this is at the 5% level and the effect size is smaller than 
those of other countries. The results of other countries such as Brunei, Cambodia, and Lao 
PDR are insignificant, but all fit the sign of expectation. The results in Column 4 reveals 
that in 10 of the 13 countries, parts and components show a lower probability of becoming 
disappearing product–country pairs compared with final products. The lowest magnitude is 
for the Philippines (21.6%), followed by Singapore (19.7%), Thailand (18.9%), and 
Malaysia (18.8%). The magnitude of the marginal effect varies across countries. Parts and 
components trade in Myanmar also presents significantly negative marginal effects with a 
relatively lower probability of becoming a disappearing product–country pairs (5.2%). A 
similar low probability presents in China, with parts and components differing by only 5.2% 
from final products. As for Brunei, Cambodia, and Lao PDR, the marginal effects remain 
insignificant; however, Cambodia and Lao PDR present negative signs.   
                                                 
78 Notably, we still include other variables in the regression, the signs of which mostly align with our 
expectations. 
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6.5 Policy implication 
Our findings provide meaningful economic implications for East Asian countries that have 
higher a probability of exporting parts and components than exporting final products, 
Table 6.5. Estimated results for new and disappearing product–country pairs: Country-by-
country comparison  
 All machinery products 
New  Disappearing 
 P&C  P&C ߚଵ  ߚଵ Exporter (1)     (2)     (3)    (4) 
 Coefficient Marginal effect  Coefficient Marginal effect 
Brunei 0.076 0.020  0.102 0.031 
 (0.067) (0.017)  (0.200) (0.062) 
China 0.214*** 0.074***  -0.316*** -0.052*** 
 (0.020) (0.006)  (0.031) (0.005) 
Indonesia 0.399*** 0.152***  -0.476*** -0.173*** 
 (0.021) (0.009)  (0.042) (0.015) 
Japan 0.345*** 0.133***  -0.526*** -0.160*** 
 (0.025) (0.011)  (0.024) (0.007) 
Cambodia 0.087 0.028  -0.379 -0.068 
 (0.056) (0.018)  (0.279) (0.050) 
Korea 0.311*** 0.123***  -0.525*** -0.152*** 
 (0.019) (0.008)  (0.023) (0.007) 
Lao PDR 0.114 0.031  -0.001 -0.000 
 (0.074) (0.019)  (0.055) (0.002) 
Myanmar 0.133** 0.033**  -0.244** -0.052** 
 (0.056) (0.014)  (0.120) (0.026) 
Malaysia 0.380*** 0.147***  -0.583*** -0.188*** 
 (0.020) (0.008)  (0.030) (0.010) 
Philippines 0.426*** 0.159***  -0.589*** -0.216*** 
 (0.021) (0.008)  (0.044) (0.016) 
Singapore 0.378*** 0.142***  -0.580*** -0.197*** 
 (0.021) (0.009)  (0.021) (0.008) 
Thailand 0.395*** 0.155***  -0.583*** -0.189*** 
 (0.020) (0.008)  (0.031) (0.011) 
Vietnam 0.256*** 0.102***  -0.343*** -0.125*** 
 (0.025) (0.010)  (0.080) (0.029) 
Note: Results for the constant term and other explanatory variables are not reported but are 
included in the regressions. Standard errors, clustered by country pair, are listed in 
parentheses. * Significant at the 10% level. ** Significant at the 5% level. *** Significant at the   
1% level. 
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particularly in intra-regional trade of ASEAN+3. The findings support the rapid 
development of marked growth in parts and components trade, resulting in frequent back- 
and- forth transactions and an increase in product–country pairs in parts and components 
across the year. Subsequently, we find that parts and components have a higher probability 
of becoming new product–country pairs and lower probability of becoming disappearing 
product–country pairs, relative to final products. Developing and least developed countries 
that aspire to engage in this production chain can obtain useful information and find 
opportunities to become new participants. Regarding already-active participation in 
machinery production networks, such as for developed countries, our findings strengthen 
confidence in the trade of parts and components and reassure them that they are able to 
maintain close trade relationships with trading partners without breaking up. Moreover, 
RTA is the crucial factor that contributes to lower disappearing product–country pairs. This 
is because tariff reductions cause lower transaction costs; therefore, exporters are more 
likely to enter the destination market. This is consistent with the results found by Yi (2003) 
that tariff reductions also contribute to the growth of the extensive margin in vertical 
specialization. The estimated results of country-by-country specification explicitly reveal 
specific policy implications for individual East Asian countries. Most countries demonstrate 
expected signs in the probability of becoming new and disappearing product–country pairs 
and the results are statistically significant. The difference varies by the magnitude of 
coefficient, with stronger impacts being observed in Indonesia, the Philippines, Malaysia, 
and Thailand. This comprehensive examination of machinery production networks provides 
policy makers the chance to reconsider the redistribution of trade patterns in terms of parts 
and components and final products. 
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6.6 Conclusion 
This chapter uses highly disaggregated international trade data at the HS six-digit product 
level during 1996–2013 to investigate the extensive margin of trade in machinery. We 
document how the degree of involvement of international production networks increases, 
particularly the number of product–country pairs exported to major trading partners from 
ASEAN+3 countries. China, Singapore, Japan, and Korea present stable development that 
involves in global production sharing. In addition to the already-active regions in production 
networks, Indonesia, Thailand, Vietnam, Malaysia, and the Philippines shows signs of 
joining production networks and its degree of participation exhibits unprecedented growth. 
Furthermore, we look at the status of product–country pairs and find that parts and 
components have a higher proportion of new and continuous product–country pairs and a 
lower proportion of disappearing product–country pairs compared with final products. Our 
probit model shows the probability of exporting in 2013 and provides evidence that parts 
and components have a 14.3% higher probability of exporting than do final products. The 
marginal effect is robust while considering the interaction term of parts and components in 
ASEAN+3 in our specification. Finally, our findings indicate that parts and components are 
statistically significant with a 12.8% higher probability of becoming new product–country 
pairs and 14.5% lower probability of becoming disappearing product–country pairs. The 
country dimension is statistically significant in 10 of the 13 countries, and the magnitude of 
the marginal effects varies across countries, although the sign is as expected. The results 
provide informative and meaningful policy implications for countries in the early stages of 
involvement in international production networks.  
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Appendix J. Trading partners 
Afghanistan Costa Rica Hungary Malawi Peru Turkey 
Albania Croatia Iceland Malaysia Philippines Turkmenistan 
Algeria Cuba India Maldives Poland Uganda 
Argentina Cyprus Indonesia Mali Portugal Ukraine 
Australia Czech Republic Iran Malta Qatar United Arab Emirates 
Austria Denmark Ireland Mauritius Romania United Kingdom 
Bangladesh Dominica Israel Mexico Russia United States 
Barbados Ecuador Italy Moldova Rwanda Uruguay 
Belarus Egypt Jamaica Mongolia Saudi Arabia Venezuela 
Belgium El Salvador Japan Morocco Senegal Vietnam 
Belize Estonia Jordan Mozambique Singapore Yemen 
Bhutan Fiji Kazakhstan Myanmar Slovak  Zambia 
Bolivia Finland Kenya Namibia Slovenia Zimbabwe 
Brazil France Korea Nepal South Africa  
Brunei Gabon Kuwait Netherlands Spain  
Bulgaria Germany Latvia New Zealand Sri Lanka  
Burkina Faso Ghana Lebanon Nicaragua Suriname  
Cambodia Greece Libya Nigeria Swaziland  
Cameroon Grenada Lithuania Norway Sweden  
Canada Guatemala Luxembourg Oman Switzerland  
Chile Guyana Macao Pakistan Tanzania  
China Honduras Macedonia Panama Thailand  
Colombia Hong Kong Madagascar Paraguay Tunisia  
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Lemoine, F. and D. Ünal-Kesenci (2004). Assembly trade and technology transfer: The case 
of China. World Development 32, 829–850. 
Levin J. and L. M. Widell (2014). Tax evasion in Kenya and Tanzania: Evidence from 
missing imports. Economic Modelling, 39, 151–162. 
Lin, C.-H. (2015). The impact of tariff rates on the probability of trade relationships survival: 
evidence from ASEAN+6 manufactured goods. Munich Personal RePEc Archive 
Paper, University Library of Munich, Germany. 
https://mpra.ub.unimuenchen.de/71260/1/MPRA_paper_71260.pdf 
Lin, C.-H. (2016). (in press) Did International Production/Distribution Networks Mitigate 
the Effect of the Global Financial Crisis? Evidence from Taiwan Machinery 
Industry. Asia-Pacific Journal of Accounting & Economics.  
Long, N. V. (2005). Outsourcing and technology spillovers. International Review of 
Economics and Finance 14, 297–304. 
Mallick, S. and H. Marques (2008). Passthrough of exchange rate and tariffs into import 
prices of India: Currency depreciation versus import liberalization. Review of 
International Economics 16, 765–782. 
Mallick, S. and H. Marques (2012). Pricing to market with trade liberalization: The role of 
market heterogeneity and product differentiation in India's exports. Journal of 
International Money and Finance 31, 310–336. 
Maғrquez-Ramos, L. and I. Martiғnez-Zarzoso (2014). Trade in intermediate goods and Euro-
Med production networks, Middle East Development Journal 6, 215–31. 
Martín-Montaner J. A and V. O. Ríos (2002). Vertical Specialization and Intra-Industry 
Trade: The Role of Factor Endowments. Weltwirtschaftliches Archiv 138, 340–365. 
McKibbin W., and A. Stoeckel. (2009). The Potential Effects of the Global Financial Crisis 
on World Trade.” World Bank Policy Research Working Paper No 5134. 
Washington, DC: World Bank.  
Melitz, M. J. (2003). The Impact of Trade on Intra-industry Reallocations and Aggregate 
Industry Productivity. Econometrica 71, 1695–1725. 
Mishra P., A. Subramanian, and P. Topalova (2008). Tariffs, enforcement, and customs 
evasion: Evidence from India. Journal of Public Economics, 92, 1907–1925. 
  175 
Mitra, D. and P. Ranjan (2010). Offshoring and unemployment: The role of search frictions 
labor mobility. Journal of International Economics 81, 219–229. 
Mukerji, P. (2009). Trade Liberalization and the Extensive Margin. Scottish Journal of 
Political Economy 56, 141–66. 
Mwinyimvua, H.H. (1996). The Impact of Macroeconomic Policies on the Level of 
Taxation in Developing Countries: The Case of Tanzania. Ph.D. Thesis University 
of Dar es Salaam.  
Ng, F. and A. J. Yeats (1999). Production sharing in East Asia: Who does what for whom, 
and why? Policy Research Working Paper Series 2197, The World Bank. 
Nitsch, V. (2009). Die Another Day: Duration in German Import Trade, Review of World 
Economics 145, 133–154.  
Novy, D. (2013). Gravity Redux: Measuring International Trade Costs with Panel Data, 
Ecconomic Inquiry 51, 101–121.  
Obashi, A. (2010). Stability of Production Networks in East Asia: Duration and Survival of 
Trade. Japan and the World Economy 22, 21–30.  
Obashi, A. (2011). Resiliency of Production Networks in Asia: Evidence from the Asian 
Crisis, Studies in Trade and Investment. Trade-led Growth: A Sound Strategy for 
Asia. United Nations Economic and Social Commission for Asia and the Pacific 
(ESCAP). http://www.eria.org/ERIA-DP-2009-21.pdf.  
Obashi A. and F. Kimura (2017). Deepening and Widening of Production Networks in 
ASEAN. Asian Economic Papers 16, 1–27. 
Okubo, T. (2007). Intra-industry Trade, Reconsidered: The Role of Technology Transfer 
and Foreign Direct Investment. The World Economy 30, 1855–1876. 
Okubo, T., F. Kimura, and N. Teshima (2014). Asian Fragmentation in the Global Financial 
Crisis. International Review of Economics and Finance 31, 114–127.  
Olken B. A. and R. Pande (2012). Corruption in Developing Countries. Annual Review of 
Economics, 4, 479–509. 
Orefice, G. and N. Rocha (2014). Deep Integration and Production Networks: An Empirical 
Analysis. The World Economy 37, 106–136. 
Paprzycki, R., and K. Ito (2010). Investment, Production and Trade Networks as Drivers of 
East Asian Integration. Asia Pacific Economic Cooperation Study Center-
Columbia University. Discussion Papers. Number 67. New York: Columbia 
University.  
  176 
Poterba, J. M. (1987). Tax Evasion and Capital Gains Taxation. American Economic Review 
77, 234–239. 
Roberts, M. J. and J. R. Tybout (1997). The Decision to Export in Colombia: An Empirical 
Model of Entry with Sunk Costs, American Economic Review, 87, 545–564.  
Rodriguez, F., and D. Rodrik (2001). Trade Policy and Economic Growth: A Skeptic’s 
Guide to the Cross-National Evidence. In NBER Macroeconomics Annual 2000, 
Vol. 15, edited by Ben S. Bernanke and Kenneth Rogoff, 261–325. Cambridge, 
MA: MIT Press. 
Romalis, J. (2007). NAFTA’s and CUSFTA’s Impact on International Trade. Review of 
Economics and Statistics 89, 416–35. 
Rose, A. K. (2004). Do We Really Know That the WTO Increases Trade? American 
Economic Review 94, 98–114. 
Rotunno L. and P. L. Vezina (2012). Chinese Networks and Tariff Evasion. The World 
Economy 35, 1772–1794. 
Schive C. and R. Y. S. Chyn (2001). Taiwan’s High-Tech Industries. In Global Production 
and Trade in East Asia, edited by K. Cheng and H. Kierzkowski, 181–205. Boston, 
MA: Kluwer Academic. 
Sequeira S. (2016). Corruption, Trade Costs, and Gains from Tariff Liberalization: Evidence 
from Southern Africa. American Economic Review, 106, 3029–3063. 
Sequeira, S., and S. Djankov (2014). Corruption and Firm Behavior: Evidence from African 
Ports. Journal of International Economics 94, 277–94.  
Simonovska, I., and M. E. Waugh (2014). The Elasticity of Trade: Estimates and Evidence. 
Journal of International Economics 92, 34–50. 
Slaughter, M. J. (2000). Production transfer within multinational enterprises and American 
wages. Journal of International Economics 50, 449–472. 
Swenson, D. L. (2005). Overseas assembly and country sourcing choices. Journal of 
International Economics 66, 107–130. 
Thede S. and N. Gustafson (2012). The Multifaceted Impact of Corruption on International 
Trade. The World Economy, 35, 651–666. 
Timmer  M. P., B. Los,  R. Stehrer. and G. J. Vries (2013). Fragmentation, incomes and 
jobs: an analysis of European competitiveness. Economic Policy 28, 613–661. 
  177 
Tung A. C. (2001). Taiwan’s Integrated Circuit Industry. In Global Production and Trade in 
East Asia, edited by K. Cheng and H. Kierzkowski, 305–311. Boston, MA: Kluwer 
Academic. 
Türkcan, K. and A. Ates (2011). Vertical Intra-industry Trade and Fragmentation: An 
Empirical Examination of the US Auto-parts Industry. The World Economy 34, 
154–172. 
Venables, A. J. (1999). Fragmentation and multinational production. European Economic 
Review, 43, 935—945. 
Wang, Z., W. Powers, and S. J. Wei. (2009). Value Chains in East Asian Production 
Networks: An International Input- output Model Based Analysis. Office of 
Economics Working Paper, No 2009-10-C. Washington, DC: US International 
Trade Commission. 
Wooldridge, J. M. (2002). Econometric Analysis of Cross Section and Panel Data. 
Cambridge, MA: MIT Press. 
Wright, G. C. (2014). Revisiting the employment impact of offshoring. European Economic 
Review 66, 63–83. 
Yeats, A. J. (1998). Just how big is global production sharing? Policy Research Working 
Paper Series 1871, The World Bank. 
Yeats, A. J. (2001). Just How Big Is Global Production Sharing? in S. W. Arndt and H. 
Kierzkowski (eds.), Fragmentation: New Production Patterns in the World 
Economy (Oxford: Oxford University Press). 
Yi, K.-M. (2003). Can Vertical Specialization Explain the Growth of World Trade? Journal 
of Political Economy, 111, 52–102. 
Yoshida, Y. (2013). Intra-industry trade, fragmentation and export margins: An empirical 
examination of sub-regional international trade. North American Journal of 
Economics and Finance 24, 125–138. 
Yu, C. and Z. Luo (2017). (in press) What are China's real gains within global value chains? 
Measuring domestic value added in China's exports of manufactures. China 
Economic Review.  
Zhou, Y. and D. Z. Zeng (2015). Offshoring, globalization, and welfare. North American 
Journal of Economics and Finance 31, 75–93. 
